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Vill these new facts about 
FREE CHLORINE RESIDUALS 


make Presumptives rare as Positives ? 


Pasitive confirmation of coliform and reductions in the taste and odor of 
_ bacteria is now a rarity at plants where chlori- finished water are frequently secured. » 
; nation is continuously used. The persistence In fulfilling your post-war responsibil 
_ of gasformers, however, has been the bane of for a safer, more palatable water, these fa Gre 
sanitary engineers to whom a bacteria-free will be of decided interest. Your Wallace the 
water is the ultimate ideal. Tiernan Representative can furnish them. 
Their “passion for perfection” has brought here 
new facts to light. These facts establish that free bill: 
available chlorine residuals — and only such 1. Cox—JI. A.W.W.A., 31:1489. (1939) opit 
residuals — can assure the destruction of all 2. Streeter--JI. A.W.W.A., 35:421. (1943) oni 
_ gasformers. (1) (2). They also indicate test 3. Laux, Nickel—JI. A.W.W.A., 34:1785. (1942 P 
_ procedures that distinguish between free 4. Hallinan—JI. A.W.W.A., 36:396. (1944) ( 
available chlorine residuals and those in 
_ which chloramines are a factor. (3) (4) 
(Details of the preferred procedure in 
: area can be supplied. ) ( 
; Application of Break-point chlorination in 
_ the light of these new findings i is now serving 
make “‘presumptives” as rare as “positives”. 
_ Yet problems of overchlorination are avoided, 
= 
“The only safe water a 
is a sterilized water” 
"WALLACE & TIERNAN 
Manufacturers of Chlorine and Ammonia Control Apparatus pri 
Newark 1, New Jersey. Represented in Principal Cities inf 
ice 
=) N. 
_ BASFORD Job No.179 Second Proof — Tudor Set—4735 
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r of 

N the past several years much con- 
nsibi structive thinking has been done in 
se fafGreat Britain and Northern Ireland on 


the subject of water supply. Reviewed 
here are the following British reports, 
bills, and papers which, in the author’s 
opinion, illustrate the trend of British 
opinion on the subject.* 


(1) Report of the Committee on 
Land Utilization in Rural 
Areas, August 1942 

(2) First and Second Postwar Re- 
ports of the British Water- 
works Association on Con- 
trol of Water Resources 

(3) The Postwar Water Supply 
Report of the Institution of 
Water Engineers 

(4) The Rural Water Supply and 
Sewerage Bill 


* Persons interested in the availability and 
price of these documents should write for 
information to the British Information Serv- 
ices, 30 Rockefeller Plaza, New York 20, 
N.Y. 


A Review of Current British Thinking 
on Water Supply 
By Harry B. Shaw 


Deputy Chief Engr., Washington Suburban Sanitary Dist., Hyattsville, Md. : 


A review, prepared as a service to the water works field. 


(5) The Agriculture (Miscellaneous _ 
Provisions) Bill ae 
(6) Water Supply and Sewerage _ 
in Northern Ireland, Septem- __ 
ber 1943 
(7) National Water Policy Paper | 
presented by the Government _ 
to Parliament in April 1944 | 
(8) The Statement of the Labor | 
ae Party of its Postwar Water © 
Policy 
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Report of the Committee on Land 
Utilization in Rural Areas 


This Committee, headed by the Rt. 
Hon. Lord Justice Scott, P.C., as 
Chairman, was appointed in October 
1941 by the Minister of Works and 
Buildings, in consultation with the 
Minister of Agriculture: 


To consider the conditions which 
should govern building and other con- 
structional development in country areas 
consistently with the maintenance of 
agriculture, and in particular the factors 
affecting the location of industry, having 
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and seasonal employment, the well-being 
of rural communities and the preserva- 
tion of rural amenities. 


The scope of the study was confined 
to England and Wales but did not in- 
clude Scotland. It presented its re- 
port to the Minister of Works and 
Planning in July 1942 and was in turn 
presented by him to Parliament in 
August 1942. Professor S. R. Denni- 
son did not agree with the majority 
and filed a minority report which is 
published with that of the majority. 

Although the whole report is of a 
most interesting and informative na- 
ture, this review is confined to that 
part of it relating directly to water 
works. The report sets forth factual 
data relative to the distribution of land 
areas and population in England and 
Wales; a description of the country- 
side and an explanation of the factors 
that created it; changes in agriculture 
during the several decades preceding 
the war with the reasons for the 
changes; and the remedial measures 
attempted to improve conditions in 
the rural areas. 

In connection with the explanation 
of the factors creating the countryside, 
it is interesting to note the statement 
to the effect that the site of many vil- 
lages was chosen because of the pres- 
ence of an essential water supply in 
the way of a spring or a stream, while 
others were chosen on lowland knolls 
in order to be out of the way of floods. 
One of the significant features in con- 
nection with agriculture is the drift of 

_ the population away from the land, the 
decrease in the number of agricultural 
workers being over 25 per cent between 
1921-24 and 1938. One of the major 
reasons for the drift was the more at- 

tractive living facilities and greater 
amenities of town life. There was a 
serious shortage of houses for farm 


workers and those available had low 
standards of accommodation, equip- 
ment and services. Thousands of cot 
tages had no piped water supply and to 
quote the report, “For the great ma- 
jority of rural workers a bathroom is 
a rare luxury.” Considerable effort 
has been made to improve these living 
conditions in the way of housing and 
services. Under the Rural Water Sup- 
ply Act of 1934 about one million 
pounds was expended by the govern- 


ment to assist in extending piped water, 


supplies to rural areas. This govern- 
ment grant resulted in a total expendi- 
ture of between six and seven million 
pounds for the above purpose. There 
still exists, however, a grave deficiency 
in rural water supply. It was esti- 
mated in 1939 that 3,432 parishes of 
England and Wales were entirely with- 
out a piped water supply. The drift 
from the country to the town resulted 
also in the push of the town out into 
the country. Graphs showing the in- 
crease in land occupied by urban de- 
velopment in counties affected by the 
expansion of London are included in 
the report. 

While the opinion of the majority of 
the committee is that the impact of in- 
dustry on the countryside did more 
harm than good before the war, certain 
witnesses suggested, among other bene- 
fits resulting from the introduction of 
industry in the rural areas, that “elec- 
tricity, water supply and sometimes 
gas, as well as some system of sewage 
disposal, are necessary to factories, and 
the country areas round about benefit 
from the introduction of these services.” 
A statement was also made that “If 
the introduction of industry into rural 
areas were to be properly and care- 
fully directed, some of the former dif- 
ficulties and drawbacks might be over- 
come, or at any rate mitigated, while 
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we consider that a diversity of existing 
practice indicates that several matters 
of vital interest could well be reviewed. 
We accordingly recommended that the 
Ministries of Health and Agriculture, in 
conjunction with the industry and in con- 
sultation with the Central Planning Au- 
thority, should review the whole position 
of water supply from the national point 


id lowjsome of the advantages might be more 
equip-|{ully realized.” 

of cot-{ It should be noted in discussing post- 
and to}war trends the conclusion is reached 
it ma-}that the former prewar trend of the 
om is}diffusion of constructional develop- 
effort} ment into country areas will reassert 


living} itself after the war unless checked and of view with special reference to the 

x and directed. following matters, among others: 

Sup- In connection with the committee’s (a): the. 

‘illion} recommendations as to measures to be all towns and larger villages not 

vern-| taken for the revivification of country at present supplied. 

vater, areas it makes the following interesting (b) what reorganization of areas of sup- 

vern-| statement relative to housing. ply, public or private, may accord- 

, ingly be needed. 

endi- The provisions of electricity, gas, tap (c) in the case particularly of the North- 

lion water and sewerage systems are sepa- ern and Midland areas the question 

here rately considered, but we consider that of a dual use of gathering grounds, 

ency new houses should be built ready-wired ae especially for afforestation or hill 

estil for electricity and appropriately con- % a sheep farming, and the formulation 
structed to receive gas and water sup- sof rules capable of wide application 

. of | plies even if these services are not im- governing public access. 

"ith. mediately available. (d) the facilitation of a piped supply to 

TI ‘ati all farms, market gardens and al- 

Ited 1e recommendations of the com- lotenente. 


mittee as to water supply are suffici- 


ently important and interesting to war- Without expressing a definite opinion, 


we desire to place on record that evi- 


into 


rant their being given here in full. dence. tas. bank: 
the Water—We consider the provision of a certain water companies, or the bodies 
in piped water supply an essential service rn them, have weed their prive- 
in every village and on every farm and edged position as statutory undertakings 
a desideratum in every dwelling. We do outside planning control to take action 
“of not, however, consider that the provision which might have been modified to serve 
in- of a piped supply to villages necessarily better the national interests. The sit- 
a involves the linking up with a large sup- ing of reservoirs, the compulsory acqui- 
; ply system, since the application of elec- sition of some of the finest land in the 
un tricity to pumping should often make country, the prohibition of access to 
1e- available local underground supplies. areas controlled, and conditions imposed 
of At present the absence of adequate sup- as to supply to areas passed by long dis- 
c- plies from any source is a serious de- tance mains have all been mentioned in 
! terrent to efficient farming on many evidence. We consider that all water 
sas farms and the provision of electricity undertakings should be brought under 
se will thus perform this as well as its other the national planning control, while leav- 
te useful functions. ing the supervision of their development 
it We note with approval the steps which functions to the appropriate executive 
” are being taken by the Ministry of Agri- Ministry. : 
culture to assist in the provision of water Way Leaves——We recommend that the 
f to farms. position with regard to way leaves 
i] We recognize that the water supply should be examined and that electricity, 
% companies regard with the utmost seri- gas and water supply undertakings 
: ousness their primary duty to the na- should be placed on a comparable foot- 
tion of maintaining the purity of their ing and that provision for the requisite 
J water supply and agree that this func- rights of compulsory acquisition of land 
: tion must come first. At the same time, and way leaves should be embodied in 
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local planning schemes. All questions 
affecting more than one local planning 
authority will, under the new legislation, 
be naturally the concern of the Central 
Planning Authority. 

Sewerage ——The provision of a piped 
water supply results inevitably in a large 
per capita increase in the consumption 
of water, and may render inadequate 
many local sewerage systems previously 
both efficient and adequate. A main 
drainage system is frequently more dif- 
ficult and more expensive to provide than 
a main water supply, but is not inevita- 
bly necessary. We consider that the 
provision of an adequate water supply is 
so important that it should not neces- 
sarily be held up because difficulties of 
disposal of sewage may arise later but 
consider that the latter problem must be 
investigated individually in each case. 


In discussing industry in country 
areas the report points out that “reser- 
voirs and associated dams and _ build- 
ings have introduced variety into other- 
wise rather dull country. Not a 
few reservoirs with associated affores- 
tation and other features are numbered 
among the nation’s “beauty spots’”— 
Lake Vyrnwy is an example.” Never- 
theless, the committee sees “no justi- 
fication for treating public utility un- 
dertakings from other enterprises un- 
dertaking constructional development. 

’ and states “that all such under- 
takings should be subject to national 
planning control.” 

The report contemplates the setting 
up by the government of a Central 
Planning Authority and that this should 
be done before the end of the war. 
Local authorities would still do the 
local planning but their plans would 
have to be co-ordinated with those of 
adjacent areas and fit in with the na- 
tional plan. Procedure to be followed 
is also outlined. 

Part IV of the report is a Five-Year 
Plan for Britain and calls for, among 
other the completion of the 
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comprehensive investigation of elec. 
tricity, gas and water supplies, as called 
for in the recommendations, within the 
first year. It recommends the com. 
pletion of the program based on said 
survey or investigation within the five. 
year period. 

A reservation by two members of the 
committee relative to the Central Plan. 
ning Authority section of the report, a 
minority report filed by Professor Den- 
nison, as stated at the beginning of the 


review, and an appendix concluded the: 


subject matter of the report. The part 
of Professor Dennison’s report prob- 
ably of most interest to water works 
men is his statement that “The sug- 
gestions of the majority report for im- 
proved public services in rural areas 
involve costs to the community which 
have not been fully examined, and are 
not presented in the report.” 


First and Second Reports of the 
British Waterworks Association 
on Control of Water Resources 


The first report was made in May 
1943 to the President and members of 
the Executive Committee of the Bri- 
tish Waterworks Association and cov- 
ers the subject of Underground Water. 
The committee seemed to feel that 
things needing most attention were: 
(1) change in the law relating to the 
use of underground water and (2) the 
inadequacy of the Common Law in 
connection with contamination of un- 
derground water. 

The committee points out “that there 
is no private property in regard to un- 
derground percolating water, that is, 
water not flowing in a defined channel. 
Every freeholder is entitled to do what 
he likes with his own land and the gen- 
eral law is that he who owns the sur- 
face of the land owns everything there- 
under down to the middle of the earth, 
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| MINISTER OF WATER | 


| The Board of Public Water Supply 


| District Public Water Supply Boards 


| Water Supply Undertakers 


including any water which may natu- 
rally find its way into that land.” It 
seems, however, that this does not ap- 
ply to public or private water utilities 
who have to obtain their power from 
Parliament or go through Provisional 
Order procedure, and are therefore 
subject to restrictions so as to insure 
that persons injured or likely to be in- 
jured as a result of their activities, 
shall not be damaged. It appears that 
this has resulted in much unfairness to 
utilities. 
The Committee considers that it would 

be more equitable and more to the pub- 

lic interest if property owners were 

treated in the same way as water under- | 

takers in any projects where the former 
may wish either to sink wells below a _ 
certain depth or extract more than a cer- 

tain quantity of water from them ex- 7 

cept for their own agricultural or do- _ 

mestic purposes. 

With respect to the pollution of un- 
derground water supplies it appears 
that “the damage has to be done and 
the precise source of the pollution 
proved before successful action can be 
taken.” The committee apparently 


feels that the Common Law is inade- 
quate in connection with the contami- 
nation of underground water and urges 
‘that legislation be introduced at the 


The Central Water Authority 


District Water Authorities | 


| 
| Committees 


earliest possible moment to deal with 
the problem of underground water 
pollution. 

A summary of the basic recom- 
mendations of the second report of the 
committee, presented March 16, 1944, 
follows: 


(a) That the water resources of the rs 
country, from whatever source, 
should be regarded from a national = 
rather than a local aspect. a> eo 


(b) The establishment of a Central , 
Water Authority to conserve the f 
water resources of the country and 
to consider and decide conflicts be- _ 
tween various authorities interested _ 
in water. 
) The setting up, in addition to the — 
Central Water Authority, of a 
Board of Public Water Supply 
having general jurisdiction over the _ 
) 


water supply industry, to whom 
problems which are exclusively the 
concern of water supply undertak- — 


ers should be submitted. 
The report also recommends “the 
appointment of a Minister of Water to 
be responsible for the conservation and 
utilization of the water resources of 
the country in the best interests of the 
nation.” 
A diagram showing the control of 
water resources and supplies as pro- 
posed given above. 
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As it is not feasible for any central 
body to control in detail water re- 
sources in every part of the country, 
the report recommends the establish- 
ment of district bodies for each district 
into which the country should be di- 
vided, which would be: 


(1) A District Water Authority which 
would be representative of all water 
interests in the district and be under 
the supervision of the Central Water 
Authority. 

A District Public Water Supply 
Board having statutory powers and 
with the definite duty of the over- 
sight of the public water supply in 
their respective areas. Members of 
this Board would be elected by the 
water undertakers in each district. 


Postwar Water Supply Report of 
Institution of Water Engineers 


This report is dated March 2, 1944. 
It contains twenty conclusions and 
recommendations but for the sake of 
brevity only those which appear to 
the author to be of greatest importance 
to water works engineers in this coun- 
try are given. 


1. For various reasons, a National 
Water Grid, analagous to the Elec- 
tricity Grid, is not only imprac- 
ticable but also unnecessary. 

2. On the other hand, local regional 
schemes have for certain areas many 
advantages and should be encouraged. 

3. The existing and potential sources 
of supply, if properly conserved, are 
ample for the present population and 
for any likely increase in the future. 

5. An excess of compensation water is 
on occasion turned into rivers to 
little advantage and might well be 
used to better purpose. 

7. A permanent Statutory Authority, 

. in some respects to the 
Electricity Commissioners, should be 
“ene up, whose sole duty would be to 
deal with all matters relating to pub- 

lic water supplies. 
14. A properly designed regional scheme 
is, or should be, a permanent solu- 
tion of the problem of Rural Water 


Supplies. 
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16. All who have the right (statutory or 
otherwise) to abstract water from 
rivers or underground sources should 
be obliged to make returns as to 
quantities abstracted, and submit data 
to indicate the quantities otherwise 
available. 

18. Consideration should be given to the 

economic wisdom of allowing pure 

water, often treated at considerable 
cost, to be used where that purity is 
not necessary. 

20. There is great need for a research 
organization to cover all fields of 
water engineering. 


The Rural Water Supply and Sew- 
erage Bill 


This bill ordered to be printed by the 
House of Commons, May 4, 1944 is: 


To make provision as to water supplies, 
sewerage and sewage disposal in rural 
localities, and to make expenses incurred 
by rural district councils in connection 
with water supply, sewerage and sew- 
age disposal general expenses. 


The explanatory and financial memo- 
randum attached to the bill states that 
its purpose is to “authorize the Minis- 
ter of Health and the Secretary of 
State for Scotland to make contribu- 
tions in aid of the provision or the im- 
provement of water supplies and sew- 
erage in rural localities; to extend the 
duties of local authorities with respect 
to the supply of water in rural locali- 
ties; and to make expenses incurred 
by rural district councils in connection 
with water supply, sewerage and sew- 
age disposal general expenses.” 

“Clause 1 authorizes the Minister or 
Secretary of State to undertake to 
make, subject to conditions laid down 
by the Treasury, contributions to- 
wards the expenses incurred by a local 
authority in providing a water supply 
in a rural locality, whether it is a new 
supply or an improvement of an exist- 
ing supply, and in providing sewerage 
or sewage disposal necessary in con- 
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under section three hundred and 
twenty-two, of the Public Health 
Act, 1936, or by virtue of a local 
act (whether passed before or after 
the passing of this Act) ; 

(c) a joint board, or joint committee, 
constituted by or under any act 
(whether public general or local 
and whether passed before or after 
the passing of this Act) for the 
purposes of the provision of a com- 
mon water supply or common sew- 
erage or common sewage disposal.” 


sequence of the provision, whether in 
the past or future, of a piped water 
supply.” 
Subsection 2 states that, “An under- 
taking under this section shall provide 
for the making of the contribution in 
the form of a lump sum, payable either 
as a whole on the completion of the 
works to be executed or of the trans- 
action to be effected for the purposes 
of the supply of water or the purposes 
of sewerage or sewage disposal, as the 
case may be, or, in the case of the ex- 
ecution of works, in installments on 


4 


Again the explanatory and financial 
memorandum states: 


the completion of part of the works.” 

Again quoting the explanatory and 
financial memorandum, 
“provides for the payment of annual 
sums for a period of not more than 20 
years towards expenses incurred under 
arrangements made with other bodies 
for the supply of water or disposal of 


sewage.” 


Subsection 4 “gives power to with- 
hold, or reduce, any grants promised 
if it appears that the carrying out of 
the work has been unsatisfactory, or 
there has been default on the part of 


the authority.” 


Subsection 5 “provides that the con- 
tributions are to be defrayed out of 
moneys provided by Parliament and 
are not to exceed, 
Wales, £15,000,000 in the aggregate. 
Clause 7 (2) provides that the corre- 
sponding amount in Scotland shall be 


£6,375,000.” 


Subsection 6 states that local au- 


thorities shall be: 


a 


Subsection 3, 


in England and 


“Subsection 7 repeals the Rural Water 


Supplies Act, 1934, with a saving for 
This Act | 


undertakings already given. 
provides for contributions out of moneys 
provided by Parliament towards the cost 
of improving water supplies in rural 


localities up to an aggregate not exceed- | 


ing £1,000,000 in England and Wales and 
£137,500 in Scotland. Practically all of 
the moneys has been already paid in 


grants or is the subject of undertakings 


to pay. 

Clause 2, which does not apply to Scot- 
land, provides that where an undertak- 
ing has been given to any authority, the 
county 
whose area the authority lies shall make 
a contribution towards the expenses of 


the authority, the amount of the con- © 


tribution and conditions of payment to 
be settled by agreement between the 
county council and the authority, or, in 
default of agreement, by the Minister. 

Clause 3 extends the duty of a local 
authority (that is, the council of a 
borough, urban district or rural district 
—see subsection (2)) to provide a piped 
supply of water to every rural locality in 
their district in which there are houses 
or schools and to take the pipes to points 
which will enable the houses or schools 
be connected thereto at a reasonable cost. 


(a) the council of any borough or urban The previsos to subsection (1) limit the 
or rural district; obligation of the authority to doing that 

(b) the council of a county which is for which is practicable at a reasonable cost 
the‘ time being exercising the func- and provide for determination by the 
tions relating to water supply or Minister of questions which may arise 
. - sewerage or sewage disposal of any under the subsection. ‘Subsection (2) 
7 ia such council as aforesaid by virtue makes the new obligation part of the 
‘ of an agreement under section three obligations imposed by Section III of 
mst hundred and twenty, or an order the Public Health Act, 1936 (in Scot- | 
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council or county councils in | 
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land, by the Public Health (Scotland) 
Act, 1897). Subsection (3) imposes a 
similar obligation on joint boards al- 
ready constituted under the Public 
Health Act, 1875, or under the Public 
Health Act, 1936. This subsection does 
not apply to Scotland (Clause 7 (3) 
(1V)). 

Clause 4 amends section 322 of the 
Public Health Act, 1936, by enabling the 
Minister, where he has made an order 
under subsection (2) of that section de- 
claring a council of a county district or 
a joint board to be in default in connec- 
tion with the supply of water in, or 
with the sewerage or the disposal of 
the sewage of, a rural locality, to trans- 
fer the powers of the local authority con- 
cerned to himself instead of to the county 
council. This clause does not apply to 
Scotland (Clause 7 (4)). 

Clause 5 empowers local authorities 
to give guarantees to statutory water 
undertakers (which means any com- 
pany, local authority, board, committee 
or other person or persons supplying 
water under any enactment—see subsec- 
tion (5)) in cases where the aggregate 
amount of the water rates which would 
be payable by consumers in a rural 
locality is not sufficient to enable the 
consumers to require the undertakers to 
bring water to the locality, and requires 
the undertakers, when a local authority 
gives a sufficient guarantee, to bring 
water to the locality. This clause does 
not apply to Scotland (Clause 7 (4)). 

Clause 6 makes expenses incurred by a 
rural district council, whether before or 
after the passing of the Bill, in connec- 
tion with sewers or sewage disposal 
works or a supply of a water, general 
expenses insofar as they fail to be de- 
frayed out of rates made in respect of 
periods beginning after the end of March, 
1945. This clause does not apply to 
Scotland (Clause 7 (4)). 

The schedule indicates the provisions 
to be repealed by the bill, and the extent 
of the repeal. 


(Miscellaneous 
sions) Bill 


; This bill is apparently intended to fill 
the gap left by the Agriculture ( Mis- 
_ cellaneous Provisions ) Bill of 1940 and 
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the Rural Water Supply and Sewerage 
Bill reviewed above. It appears that 
under the Agriculture Act of 1940 that, 
while provision was made for financial 
assistance by the government in con- 
nection with water supply projects to 
farms and farm buildings, it did not 
permit the government grant to be ex- 
tended so as to assist in securing a do- 
mestic water supply for farmhouses 
and farm cottages. Clause 5 of the 
current Agriculture (Miscellaneous 
Provisions) Bill enables a grant to be 
made for taking farm water supply to 
a farmhouse or to any cottage or cot- 
tages close by. Under this bill, if there 
were reasonable prospects of a public 
water supply becoming available under 
the Rural Water Supply Bill within a 
reasonable time, no grant would be 
made. In other words, isolated groups 
of buildings or farms, which it would 
now be impossible to serve by a public 
water supply, could obtain it under 
this bill. 


Water Supply and Sewerage in 
Northern Ireland 


This report on the problems of 
Water Supply and Sewerage in North- 
ern Ireland is submitted by the Plan- 
ning Advisory Board of the Govern- 
ment of Northern Ireland and pre- 
sented by the Minister of Home Af- 
fairs to Parliament. The purpose of 
the report is “to consider and report 
on the problems of water supply and 
sewerage and the adequate provision of 
these facilities in urban and rural areas 
throughout the Province.” 

The Water and Sewerage Com- 
mittee of the Advisory Board recom- 
mends dividing Northern Ireland for 
water and sewerage purposes into four 
regions, each under an authority con- 
sisting of representatives of the urban 


and rural councils within the region 
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with each having a competent technical 
staff. These authorities would have 
control over all sources of water sup- 
ply and of all trunk mains, and be re- 
sponsible for the delivery of water in 
bulk into the service reservoirs or the 
distribution systems of existing local 
authorities, which, however, would 
continue to be responsible for the dis- 
tribution of water supplies within their 
areas. 

Regional authorities should be em- 
powered to abandon existing works 
which they consider unsuitable and can 
construct new works or supply the 
area from other works. 

Sewage disposal works and outfall 
sewers should be taken over and main- 
tained by the regional authority, except 
in the cases of Belfast and London- 
derry, where the existing works and 
staff are adequate. Sewerage systems 
should remain under the control of the 
existing sanitary authority which 
should be required to pay to the re- 
gional authority its proper proportion 
of the annual cost of the maintenance 
of outfall sewers and sewage disposal 
works. 

The regional authorities should in- 
vestigate the pollution of streams and 
make recommendations as to improve- 
ments. 

In the event of the local authority 
failing to carry out its duties efficiently, 
the Ministry of Home Affairs should 
have the power on_ representations 
from the regional authority or from 
the ratepayers of the town or of the 
area concerned, to transfer the distri- 
bution system to the regional authority. 

Existing distribution systems could 
be used by the regional authority for 
supplying other areas where this is the 
most economical course to follow and 
does not prejudice the interests of the 
local authority. 
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The expenses of the regional au- 
thority would be met by charging an 
annual lump sum to each rural and 
urban authority, which sum, except in 
the case of increased facilities, should 
he approximately equivalent to the 
amount raised through the existing 
local rates to cover the expenditure 
taken over by the regional authority. 

The committee is of the opinion that 
areas which in the future obtain sup- 
plies from sources already existing and 
belonging to other authorities should 
bear not only the cost of the extra 
piping but should also make a con- 
tribution to the original capital cost of 
the source. To safeguard local inter- 
ests the committee feels that local au- 
thority should be given the right to 
appeal to the Ministry of Home Affairs 
in any event that it may feel aggrieved 
by the action of the regional authority. 

The committee recommends the set- 
ting up of a Central Co-ordinating 
Committee consisting of two repre- 
sentatives of each regional water and 
sewerage authority together with addi- 
tional independent representatives ‘ap- 
pointed by the government. The func- 
tions of the Central Committee would 
be to act as a clearing house and thus 
insure uniformity of policy among the 
various regional authorities. The com- 
mittee would have a technical sub-com- 
mittee consisting of the engineers of 
the regional authorities, and the Cen- 
tral Committee should, through this 
technical sub-committee, maintain a 
reference library and a laboratory. 
Applications for loans and _ grants 
should be submitted by the regional 
authorities through the Central Com- 
mittee to the Ministry of Home Af- 
fairs. It was not felt that the Central 


Co-ordinating Committee should have 
statutory authority. 
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An interesting statement is that the 


regional authorities should, in many 
cases, take over the existing gather- 
“a ing grounds, reservoirs, trunk lines, 
leaves, pumping and _ filtration 
plants, without payment of compensa- 
tion beyond the transferance of out- 
_ standing debts. This would apply to 
water undertakings by local authori- 
ties. 

The report states that “We are of 
opinion that every effort should be 
made within a period of years to pro- 
vide, as a minimum, a piped water 
supply to communities of approxi- 
_ mately 250 persons resident within 
_ about a quarter mile radius, unless it 
— is found in any particular case that the 
is prohibitive.” 


10 


A National Water Policy 
This paper was submitted by the 


1944. It “is concerned with ways and 

- means of insuring that all reasonable 
needs for water can in the future be met 
and that they can be met speedily 
and without avoidable waste, either of 
water itself or of labor, materials or 
money.” In the introductory remarks 
statements are made to the effect that 
there is ample water in the country 
for all requirements and that, there- 
fore, the problem is not one of total re- 
sources but of organization and dis- 
tribution. Defects in the present water 
supply system are briefly outlined here- 
with: 

Central and Local Organization. 
The responsibility of the Minister of 
Health and his powers under water 
supply are both somewhat vague and 
ill-defined. Where local authorities 
operate under general powers of the 
General Health Acts the Minister’s 
powers are rather extensive. The 
Minister does not, however, have 
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power to authorize the taking of water 
compulsorily from a river or stream. 
Twenty per cent of the water under- 
takers are statutory companies deriv- 
ing their power from Parliament which 
itself has no machinery for insuring 
that the powers are properly exercised. 
In such cases, except where local acts 
confer specific powers on the Minister, 
he has no adequate power to super- 
vise. Also, while it is a general obliga- 
tion under the Public Health Acts for 
local authority to review from time to 
time its sufficiency of water supplies in 
that area, this obligation does not re- 
quire them to make sure that the 
water mains are taken to such points 
as will enable a piped supply to be car- 
ried into the houses. If they them- 
selves are not water undertakers they 
have no adequate power to take the 
necessary corrective steps. 

Multiplicity of Water Undertakers. 
There are over a thousand water un- 
dertakers in England and Wales. 
Twenty-six of these supply between 
them 50 per cent of the total popula- 
tion, and 123 supply 75 per cent. Seri- 
ous failure of supply in times of dif- 
ficulty usually arises in small under- 
takings which lack the financial re- 
sources to secure themselves against 
the risk of drought. 

Information and Surveys. Much 
more detailed information is still re- 
quired about the behavior of both sur- 
face and underground sources over a 
long period and the use which is made 
of them. 


Protection of Resources. There is 


need in the public interest for special 
measures to prevent misuse and waste 
of underground sources of supply and 
there is need for some further tighten- 
ing up of provisions against pollution. 

Water for Industry, Agriculture, etc. 
At present the obligation of public 
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water undertakers does not extend to 
supplying water for non-domestic use. 
This is serious from the standpoint of 
agriculture. 

Domestic Supplies in Rural Areas. 
Despite the improvement in the past 
decade, nearly 30 per cent of the peo- 
ple living in rural districts are still not 
reached by water mains. 

Water Charges. In some cases 
water charges should be leveled over 
wider areas by the amalgamation of un- 
dertakings which would secure greater 
all-round efficiency and economy. 
There is also need for a uniform pro- 
cedure for the revision of charges to 
replace the present welter of varying 
methods by which consumers or under- 
takers can seek alterations. 

General. The rise of standards of 
living and urbanization make necessary 
a thorough overhaul of the present 
water supply system. 

In order to carry out the objects of 
its policy to make the best and most 
economical use of the country’s water 
resources, the government proposes 
the following : 

(a) The Health Ministers, whose pow- 
ers are at present vague and ill- 
defined, to be given the statutory 
duty of promoting the provision of 
adequate water supplies and the 
conservation of water resources. 


(b) The central planning of water policy 
to be the function of the Health 
Ministers. The policy to be based 

information, systematically col- 
lected and assessed, regarding water 
~ed resources and needs, and is to be 
we applied by a simplified system of 

__- ministerial orders. Orders by rea- 

son of their intrinsic importance or 
because of their effect on the inter- 
ests of the general public or of in- 
dividuals, are subject to be reviewed 

by Parliament. 

(c) The Central Advisory Water Com- 


mittee for England and Wales to be | 
reconstituted as a statutory body, © 
which would, of its own volition, 


(d) 


(e) 


(f) 


(g) 
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give advice on general principles 
affecting water administration to 
the various departments of the gov-. 
vernment. A somewhat 
committee would be set up for Scot- 
land. 

The work of the Inland Water Sur- 
vey, to secure the scientific assess- 
ment of yield, quality and behavior | 
of water resources, both surface 
and underground, and to collect and — 
make records generally available, to 
be pressed. 

Surveys of bulk needs of large areas” 
to be continued to be carried out in 
England and Wales by the Regional 
Advisory Water Committees, which — 
would be reconstituted and empow- 
ered to require information and 
statistics. (There are nine of these 
committees covering the more 
densely-populated districts in the 
country. In areas of more scattered 
population where Regional Commit- 
tees are not required the govern- _ 
ment considers that county councils 
can often play a similar part and 
co-operate with district councils and 
other water undertakers in review- 
ing the needs and resources of the 
area.) 
Surveys of the efficiency of water 
supply services to be carried out 
regularly by the expert staff of the 
Ministry of Health which will need 
to be strengthened for the purpose. 
Greater use should be made of the © 
resources of government depart-— 
ments, particularly the Ministries 
of Agriculture and Fisheries and of 
Town and Country Planning—in 
building up information relating to 
water supplies and needs. Close 
touch should be maintained with | 
town and country planning policy. 
The powers and duties of local au- 
thorities and general framework of 
water undertakers are to be re-— 
tained, but the default powers of 
Minister of Health shall be strength- © 
ened to the extent of requiring a 
statutory water company to Carry 
out any essential work which he is * 
satisfied that they can reasonably be 
required to carry out. In case of 
non-compliance by the company, to 
make an order transferring the un- 
dertaking to a local authority or _ 
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‘nie water undertaker, if that is 
necessary to insure adequate sup- 
plies. Amalgamations of under- 
takings are to be encouraged, and if 
necessary enforced, to secure ef- 
ficiency and economy. 
The giving of bulk supplies by one 
undertaker to another to be, if neces- 
sary, enforced. 
Special steps are to be taken to 
protect water resources against mis- 
use, waste and pollution. (This 
goes back to the briefly mentioned 
proposition that private owners of 
_ land have unfettered rights for all 
- water under their land which does 
not flow into defined channels.) 
The Minister to be empowered to 
prohibit the abstraction of water 
within an area without the consent 
of a Minister except where the 
private individual uses water for 
his own domestic purposes. Min- 
ing undertakings to be obliged to 


‘3 take such measures as are agreed 


by the Minister of Health and the 
Minister of Fuel and Power to be 
necessary and practicable for con- 
serving water in the strata without 
interfering with the winning of 

_ the mineral. The government also 

; proposes to make it an offense to al- 
low underground water to run to 
waste from borings or to pollute it. 
Finally, the Minister to be empow- 

a —_ to obtain from any company or 
person any necessary returns of the 
quantity and quality of water (other 
than water taken by a private in- 
dividual for his own domestic use) 
abstracted from underground. 

(1) Industry and agriculture would have 
the right to require being supplied 
with water on reasonable terms and 
conditions by water undertakers, 
provided the same could be done 
without endangering the amount of 
domestic supply. 

(m) The undertakers to be enabled, sub- 
ject to proper safeguards, to take 
water from rivers and streams on 
reasonable terms and conditions and 


to acquire land compulsorily. 

- (n) The Health Ministers to have pow- 

; 7 ers to require information and sta- 
_ tistics from all users of water and 
a all sinkers of wells and boreholes. 


(o) The government proposes to sub- 
mit to Parliament legislation pro- 
viding for the necessary new pow- 
- ers outlined aboved, including pro- 
-__-yisions on the lines of the Water 
Undertakings Bill of 1943. (Not 

passed. ) 
(p) “In advance of the general legisla- 
lation, a bill to be presented to Par- 
liament at an early date to provide 


ay Exchequer grants totalling £15,- 

000,000 for England and Wales, and 
- £6,375,000 for Scotland, for exten- 
° sion of piped water supplies and 


7 sewerage in rural areas. In Eng- 
land and Wales the bill will abolish 
special expenses for water and sew- 

erage, so that costs will fall on the 


district instead of the parish, and 
will provide for contributions by 


county councils to  grant-aided 
schemes. The scheme for securing 
: piped supplies for agricultural land 


to be extended to cover farm houses 
and cottages.” 


Labor Party’s Postwar Water Policy 

This is given in the Appendixes of 
Volume XXVI, Number 198, Febru- 
ary 1944, of the Journal of the British 
Waterworks Association. state- 
ment of the policy starts out by saying 
that, ‘Pure water is a vital necessity, 

plentiful supply of which must be 
made available to every house, farm 
and industry.” Reference is made to 
the report made by the Scott Commit- 
tee where the view is expressed that 
lack of water supply and sewerage is a 
contributory factor in the drift from 
the countryside to the towns. The 
recommendation is made that all water 
undertakings be placed under national 
planning control. The labor statement 
also agrees to the adequacy of water re- 
sources but says that, “Our resources 
are adequate for this purpose, but ow- 
ing to the absence of effective planning 
there are many areas where supplies 
are inadequate in quantity or quality, 
and often both.” 
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Under the heading ‘Responsibility 
for the Supply of Water” the necessity 
of reorganizing the units of water sup- 
ply on a far wider basis than at pres- 
ent is pointed out and the statement 
made that the spread of charges over 
wide areas is justifiable on public 
health grounds alone. 

The Labor party paper states that 
“A survey of all underground and 
overground sources is an essential pre- 
liminary to an appropriate allocation of 
supplies.” It also states that “Such a 
survey will require the setting up of a 
Water Commission to plan and admin- 
ister the water industry and to under- 
take the necessary technical and opera- 
tive work. Power should be given to 
the Water Commission to demand the 
necessary information about all sources 
of supply.” 

The paper calls attention to the 
necessity of the closest possible contact 
between the supply of water and the 
provision for disposing of sewerage. 
Under the heading “Lack of National 
Control” it is pointed out that meas- 
ures of a more comprehensive charac- 


The Association is indebted to Mr. 
Shaw for his adequate and thoroughly 
objective summary of the various Brit- 
ish documents relating to water re- 
sources and supply. It is essential 
that this American association know 
what our British contemporaries are 
doing. 

With similar objectivity, readers of 
this JoURNAL should consider what 
parallels, if any, exist in North America 
in the problems of water resources, of 
surface water pollution, of ground 
water depletion, of water works man- 
agement. If such parallel problems 
exist, how should their solution be 
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Editorial Note 


ter for an adequate study of both sur- 
face and underground water supplies 
are necessary. 

In discussing “Regional Commit- 
tees’’ a statement is made, “It is now 
clear that regional organization is 
bound to be ineffective unless there is 
a National Water Commission possess- 
ing full powers over the nation’s water 
resources.” 

The necessity of providing necessary 
water for the canal expansion program 
in Britain in connection with the re- 
organization of the water system is 
mentioned. 

Under the heading “Government De- 
partments Concerned in Water Sup- 
plies” the following recommendation is 
made which would seem to be the crux 
of the whole policy: pg 


We therefore propose that the control © 
of water supplies, land and main-drain- 
age, nontidal rivers, and the utilization | 
of water resources in Great Britain | 
should be vested in a National Water © 
Commission, and that local water sup- 
ply should be undertaken by publicly- 
owned and controlled water boards func- 
tioning over wide areas. 


planned—within state lines, nation- 
ally, on a continental basis? 

It will be helpful to any reader to 
be reminded that England, Scotland, 
Wales and Northern Ireland (the area 
covered by the review) have in the 
aggregate an area less than either 
Arizona, California, Colorado, Mon- 
tana, Nevada, New Mexico, Oregon, 
Texas 6r Wyoming. Illinois and In- 
diana together almost equal Great Bri- 
tain in area. New York and Penn- 
sylvania together exceed Great Bri- 
tain’s area. 

In density of population per square 
mile, Massachusetts, New Jersey and 
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Rhode Island as individual states ex- 
ceed (not greatly) the population den- 
sity of Great Britain as a whole. 

Britain therefore has an area less 
than that of California, Illinois and In- 
diana or New York and Pennsylvania, 
with as many people per square mile as 
there are in Massachusetts. 

The general hydrological conditions 
in Great Britain vary less than is the 
difference between Oregon and Ari- 
zona, between Texas and Montana, be- 
tween California and New York. 
Similarly, problems of water supply 
and control must vary as here widely. 
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It would appear that the solution of 
these problems should be, in the United 
States, approached from the level and 
the viewpoint of the state governments, 
rather than at a federal level. To the 
Editor of this JourNAL every good rea- 
son that Great Britain conceives to 
support national water control calls in 
the United States for similar organiza- 
tion at state levels, with the fullest rea- 
sonable implementation through the 
mechanism of interstate compacts 
whenever problems need to be attacked 
on a regional or river- basin level. 
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Relation of Runoff Water Quality t 
ie: Use in Cedar River Watershed 


By Bror L. Grondal 


Prof. of Forestry, Univ. of Washington, Seattle, Wash. 


a 


Bus on May 12, 1944, at the Pacific Northwest Section Meeting, Olympia, Wash. 


HE major portion of the Cedar 

- River watershed of the city of 
Seattle lies within the boundaries of 
the Snoqualmie National Forest, and 
includes the upper drainage basin of 
the Cedar River with its minor tribu- 
taries. It covers an area of approxi- 
mately 91,400 acres, and timber own- 
ers have given the city title to nearly 
64,000 acres of this land, although 
much of the timber is still in private 
ownership. 

Since the city asserted its right to 
the water just before the turn of the 
century, logging has continued with 
virtually no interruption, and hydro- 
electric plants, sawmills and other 
manufacturing plants have operated 
on the watershed. At the present 
time, however, no lumber is milled 
on the watershed. In 1906, the city 
granted a right-of-way to the Chi- 
cago, Milwaukee and Puget Sound 
Railway, virtually paralleling the 
banks of the Cedar River for 10 mi. 
within the watershed, after a report 
prepared by a board of prominent 
engineers gave assurance to the pub- 
lic that no pollution hazards would be 
introduced by the operation of the 
railroad in such close proximity to 
the river. 

During the entire history of the 
watershed, it has been the subject of 
political discussion. In 1929, litiga- 
tion over a contract, held by a lumber 


company which was logging in the 
watershed, was initiated by the city, 
in an avowed attempt to end all log- 
ging in the area ostensibly to “protect 
the water supply.” As the final ver- 
dict indicated that the lumber com- 
pany had observed all contractual ob- 
ligations, this attempt to stop the 
logging failed, but the lumber com- 
pany became bankrupt in 1940, and 
since that time logging in the water- 
shed has been restricted to the ac- 
tivities of two logging operators work- 
ing on a relatively restricted basis. 
Recently, as a prelude to a political 
campaign, a strenuous attempt was 
made to inject the subject of “log- 
ging on the watershed” as an issue— 
one group in the city council assert- 
ing that such logging introduced a 
serious pollution hazard that threat- 
ened the health and well-being of 
every resident of Seattle; while an- 
other group contended that the pro- 
hibition of logging would accomplish 
no useful purpose, but would merely 
reduce water department revenues. 
Due to the controversy within the 
council, and largely upon the in- 
sistence of one businessman member, 
the city council decided to appoint a 
commission of reputable and unbiased 
experts to make a careful study of the 
watershed, with the primary object 
of deciding future policies with re- 


spect to logging. This commission 
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Fic. 1. Logged-off Area—Seed Trees Left in a Block on Rocky Rid 
of Cedar River Watershed 


Logging in the Cedar River Watershed—Elevation, 3,000 ft—Sanitary Portable 
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Closet Near Automobile, Provided for Loggers to Prevent Pollution y, 
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was duly appointed, selections being 
made from lists prepared by the Sec- 
retary of Agriculture of the United 
States, the Secretary of the Interior 
and the Surgeon General of the U.S. 
Public Health Service. re- 
sulted in the appointment of Abel 
Wolman, Professor of Sanitary Engi- 
neering at Johns Hopkins Univer- 
sity, and Carl Green, of John Cun- 
ningham and Associates, Portland, 
Oregon. The author was appointed 
as the third member. This commis- 
sion completed its field studies in 
January 1944, and in a report which 
was submitted to the mayor and coun- 
cil in March, recommended a continua- 


le 


tion of logging on the watershed on a 
controlled sustained-yield basis. 

Briefly, this conclusion was based 
on the following considerations : 

(1) Due to the porosity of the soil 
in this watershed, there is virtually 
no surface runoff, and hence erosion 
is not accelerated by the removal of 
the forest cover (Fig. 1). 

(2) Storage of snow is somewhat 
increased when the larger trees of 
the virgin forest are replaced by 
young growing stock. 

(3) The quality of the water is 
not adversely affected by the removal 
of the forest cover, as the lack of 
erosion prevents any increase of tur- 
bidity in the streams in the watershed 
after the timber has been cut. 

(4) Adequate control measures, al- 
ready in practical operation, have con- 
clusively demonstrated that pollution 
due to logging operations in the water- 
shed can be prevented in a completely 
satisfactory manner (Fig. 2). 

(5) All surface waters should be 
chlorinated or otherwise treated, re- 
gardless of the seeming absence of 
hazards, and there are already definite 
hazards, such as (a) a railroad paral- 
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leling Cedar River (Fig. 3), (b) em- 
ployees resident upon the watershed, 
(c) a manufacturing plant and small 
town, and (e) a _ public highway. 
These are potential, if not actual, 
sources of pollution already existent 
upon the watershed. The very minor 
hazards introduced by logging opera- 
tions, being controllable, could be re- 
garded as negligible. 

(6) Revenue from logging is, and 
will be, substantial, and can in the fu- 
ture pay a large part of the adminis- 
trative costs of the water department. 

(7) As almost all of the virgin 
timber remaining in the watershed is 
either privately owned or is in a na- 
tional forest and is merchantable, pro- 
hibition of logging in the watershed 
area would compel the purchase of the 
privately-owned timber at a cost of 
approximately $2,000,000, plus annual 
charges based upon a capitalized value 
of $2,700,000, if timber sales were not 
permitted in the national forest. As 
no benefits in the form of additional or 
purer water supplies would accrue to 
the city, such large expenditures can 
not be regarded as justifiable. 

(8) The timber in the watershed is 
economically important to the region, 
and when the logs are delivered to 
manufacturing plants, such as pulp 
and paper mills, plywood factories and 
sawmills, they will furnish employment, 
directly and indirectly, to several thou- 
sand persons for an indefinite period. 

(9) Forest conditions in the water- 
shed can be improved greatly by the 
practice of forestry (Fig. 4). The 
successful re-stocking of a consider- 
able portion of the watershed that has 
already been logged demonstrates this 
fact. 

(10) “Ostrich-like” confidence in a 
“closed” watershed, instead of con- 
trolled intelligent use, 
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false sense of security that will not 
facilitate the application of improve- 
ments in water treatment methods that 
existing hazards demand. 

From the intake at Landsberg to 
Cedar Falls, the drainage area, exclu- 
sive of that above Cedar Falls, is de- 
scribed as the “lower watershed.” <A 
rather large tributary of the river, 
known as Taylor Creek, joins Cedar 
River at a point approximately half- 
way between the intake and Cedar 
Falls. This creek has a drainage basin 
of about 20 sections of mountainous 
country, and although extensive areas 
have been logged in this basin, the 
water of Taylor Creek is very low in 
turbidity except for very brief periods 
when climatic conditions are tempo- 
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Fic. 5. Relief Map Showing Cedar River Wat 


rarily very severe. 
large proportion of the precipitation in 
the watershed comes to the river in the 
form of seepage, although several 
creeks empty directly into the river. 
The effluent from two creeks, one from 
the town of Taylor (Hotel Creek) and 
one from Walsh Lake (Rock Creek), 
both within the watershed and which 
carry polluted water, have been di- 
verted from Cedar River, as shown in 
Fig. 5. 

During the period from 1895 to about 
1925, virtually all of the timber in the 
lower watershed, excepting the timber 
in the upper drainage basin of Taylor 
Creek, was cut. 

The so-called “upper” watershed of 
about 61,000 acres includes Cedar 


19 
Pe $5 
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Lake, the river above this point, and 
Rex River, which drains into Cedar 
Lake. 
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agencies indicate that the water that is 
supplied to the city from the Cedar 
River watershed is of exceptionally 


high quality, and that control measures 
now employed asa precautionary meas- 
ure, although regarded by the commis. 
sion as in some respects inadequate, 
have in the past been effective. Log- 
ging of the timber on the watershed on 
a sustained annual yield basis, using 
advanced silvicultural methods, has 
been recommended by the commission 
as a safe rational conservation measure, 


During the entire period over which 
the city of Seattle has derived its water 
supply from the Cedar River water- 
shed, logging has been conducted in 
the area, usually on an extensive scale. 
Forest fires have at times affected the 
water to a minor degree, but no serious 
and deleterious influences have stem- 
med from logging. Records of the 
water department and public health 


In a report made by the Cedar River Watershed Commission, Feb. 15, 1944, 
the following material appears to be of general importance: 


The Seattle municipal authorities might well give careful consideration to a change in 
philosophy with respect to the watershed. Such extensive recreational areas exist elsewhere 
in the Puget Sound area that there need be no reasonable demand for the use of controlled 
recreational areas within the watershed, but controlled logging practices and controlled but 
reasonable access to the public, as, for example, in the present operations of the hydro-electric 
power plant, manufacturing plants, mines, and public highways, should not cause hysteria. 

Such procedures of conscious control appear to the Commission to have less risk to the 
consumer than the “ostrich-like” confidence in a closed watershed, supported by statutes and 
ordinances, which do not provide the equivalent of protection. 

Intelligent, conscious controlled use of the watershed, for economic and even recreational 
purposes, bolstered by adequate treatment processes, perhaps later including filtration, would 
result in a higher factor of safety to the consumer than is afforded by the present faith in a 
non-existent situation. 

Successful management of the watershed can only rest, however, upon a carefully defined 
policy and program which will place the control upon a permanent administrative base. 
Changing municipal administrations must be prevented from modifying the control procedures 
for one expediency or another as time goes on. To accomplish this objective the city 
authorities should develop with the utmost care a statement of policy and program which 
could be translated legally into an effective administrative procedure, not easily disturbed in 
subsequent years. The purpose of this particular recommendation is to emphasize the fact 
that the complicated negotiations by the various levels of government and private agencies 
essential for the crystallization of a watershed control plan should have some guarantee of 
permanence and of stability beyond that normally experienced in such negotiations in the 
past. If such a plan of action is consummated, the people of Seattle may look forward to an 
intelligent and logical program for many decades, which would preserve the water supply 
values of the Cedar River watershed to the utmost, and, at the same time would make 
maximum beneficial use of the fine resources which now cover the shed. It is the unanimous 
conviction of the Watershed Commission that there are no inconsistencies in a policy and 
program which results in protecting the water supply values simultaneously with the con- 
servation and use of the timber resources of the Cedar River watershed. 
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of and Water Quality to Land 


and Forest Use in the Green River Watershed a 


By W. A. Kunigk 


eo ting Supt., Water Div., Dept. of Public Utilities, Tacoma, Wash. ag 


Presented on May 12, 1944, at the Pacific Northwest Section Meeting, Olympia, Wash. 


pen the early part of 1913 the 
principal source of Tacoma’s 
water supply has been Green River. 
The intake of the Green River gravity 
system is located about 28 mi. easterly 
from Tacoma at an elevation of 908.8 
ft. above sea-level in the foot-hills of 
the Cascade Mountains. The gravity 
supply system has a capacity of about 
85 sec.ft. or approximately 55 mgd. 
When this gravity system was com- 
pleted, the intake proper and the three 
tunnels and pipeline immediately be- 
low the headworks leading to the Green 
River bridge one-half mile below the 
intake were designed for a total capa- 
city of 130 sec.ft. or approximately 84 
mgd. It was originally planned to 
build ultimately two pipelines from 
the Green River crossing to Tacoma, 
each with a capacity of 42 mgd. but 
only one pipeline has been built. In 
the reconstruction of the original wood 
stave pipeline, which has been under 
way since 1924, larger diameter of 
pipe has been substituted with the re- 
sult that the capacity of the gravity 
system was increased from 42 to 55 
mgd. Over 75 per cent of the old 
wooden pipeline has been rebuilt to 
date. This system supplies at the pres- 
ent 142,000 people inside the city 
limits and approximately 10,000 con- 
sumers outside the city limits, or a 
total population of 152,000. 


The city also maintains an auxiliary 
well supply system inside the city 
limits with a capacity of 35 mgd. The 
wells are used when there are inter- 
ferences on the gravity system or when 
peak demands during the sprinkling 
season exceed the capacity of the 
gravity pipeline. Interferences on the 
gravity system are often caused by 
necessary repair work or may be due | 
to turbid water conditions in the river. 
Whenever turbidities greater than 10 
ppm. appear, the water is bypassed at 
McMillin Reservoir into the Puyallup 
River when the turbidity reaches that — 


/ 


point. 
The maximum daily peak demand 


on the distribution system to date was 
on July 14, 1941, with a total con- 
sumption of 77.85 mil.gal. On the 
same date, peak demand rates for the 
duration of 2 hr. each during morning 
and evening were over 95 mgd. These 
maximum peak demands are equalized 
by the storage in the 110-mil.gal. reser- 
voir at McMillin, 26.7 mi. below the 
intake, and the two pipelines leading 
from there to the city. The capacity — 
of the two pipelines from MedMillin 
Reservoir to the city is practically 
twice that of the single pipeline val 7 
the intake to the reservoir. 

The Green River watershed covers 
an area of some 231 sq.mi., extending 
from the city’s intake at an elevation 
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of 908.8 ft. for a distance of approxi- 
mately 25 mi. easterly to the top of the 
Cascade range. Roughly, the north 
and south width of this area is from 8 
to 10 mi. Several of the highest moun- 
tain peaks in the range, which forms 
the north, east, and south boundary of 
the Green River watershed basin, ex- 
ceed 5,000 ft. in elevation. With the 
exception of some eight or nine thou- 
sand acres of comparatively level land 
near Lester and along the river banks 
in the vicinity of Maywood, Eagle 
Gorge and in the drainage basin of the 
North Fork, the whole area is very 
mountainous and rugged, rising quite 
abruptly from the narrow river valley 
to the top of the surrounding moun- 
tain range. 

As already stated, the capacity of 
the single pipeline from the intake to 
McMillin Reservoir is now 85 sec.ft. 
Based on a few isolated measurements, 
the original designers of the Green 
River gravity system had, no doubt, 
assumed that the river flow would 
never drop below 130 sec.ft. Except 
during the summer of 1932 when the 
low river flow at the intake was 154 
sec.ft., the minimum runoff at this point 
during the last twelve-year period, Oct. 
1, 1931 to Oct. 1, 1943, has always 
been below the original estimate. 
Whether this was due to the fact that 
only a few isolated river flow meas- 
urements were originally available 
from which over-optimistic deductions 
were made, or if some of this apparent 
decrease in the low water runoff was 
due to the change of the forest cover 
caused by too rapid a rate of logging, 
or to a general change in precipitation, 
or was due to other causes, the author 
does not venture to guess. The de- 
_ signers may also have had in mind a 
storage development to take care of 
_ these low-water periods. 
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About two-thirds of the Green River 
watershed area, comprising some 150, 
000 acres, is covered with second 


growth timber of varying age classes, 


generally well stocked. The timber 
consists mainly of Douglas fir, pine, 
spruce, hemlock and some cedar. Log- 
ging operations have been carried on 
in the watershed for over 40 years, 
During the earlier logging operations, 
several areas were also denuded by 
forest fires. 

Artificial reforestation has not been 
resorted to by any of the timber own- 
ers. Nor does artificial planting seem 
to be necessary because practially the 
entire cut-over and burnt-over areas 
show a healthy growth of young trees. 
In more recent years proper forest 
management has accomplished a great 
deal in protecting the second and virgin 
growth timber against fires. A num- 
ber of lookout towers have been erected 
on the high peaks surrounding the 
watershed basin and patrol roads, tele- 
phone lines and fire breaks have been 
constructed, all of which are of great 
help in keeping the forest fire hazard 
down to a minimum. 

Prior to 1937 only about two-thirds 
of the Green River watershed area was 
within the Snoqualmie National Forest. 
By the so-called Boundary Extension 
Act, adopted Aug. 21, 1937, the entire 
watershed area may ultimately be 
brought under the control of the Sno- 
qualmie National Forest administra- 
tion. This can be accomplished by 
outright purchase of lands by the fede- 
ral government or by land exchange 
for lands that the U.S. Forest Depart- 
ment owns outside of the forest reserve. 

Approximately 45,000 acres of the 
total watershed area is now owned by 
the National Forest Reserve. Over 
40,000 acres are claimed by the North- 
ern Pacific Railway Co. under the 
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original land grant, and about 18,500 
acres are owned by the Weyerhaeuser 
Timber Co. The rest of the land is 
held by the state of Washington, King 
County and some one hundred private 
ownerships. 

At the time the gravity system was 
first placed in service during 1913, 
logging and sawmill operations were 
carried on on a large scale and had 
then been under way for a number of 
years. The total population in the 
watershed at that time was somewhere 
between 1,800 and 2,000. The sanitary 
problem in connection with the many 
sawmill camps and isolated crews work- 
ing in the woods in widely scattered 
places presented a real problem in those 
days. Fortunately, except for one 
small tie mill, sawmill operations have 
now stopped entirely and logging has 
been reduced to a point where the total 
population in the watershed now varies 
from about 250 to 350. This figure 
includes some 150 employees of the 
Northern Pacific Railway Co., some 
forest service men, a few ranchers and 
several small crews usually working on 
power and telephone lines. 

The Northern Pacific railroad main 
line extends through the full length of 
the watershed from the intake to the 
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Stampede Pass. While the presence of 
these people and the railroad presents 
a sanitary problem that must be closely 
controlled, it is not a serious one, and 
is not giving the city any appreciable 
trouble. Much has been accomplished 
in this respect by educational methods, 
instructing the watershed residents and 
miscellaneous crews to comply with 
the state sanitary rules and regulations. 
The few fishermen and hunters who in- 
sist on going into the watershed during 
the summer and fall months are more 
of a menace to the water supply than 
the regular residents living in this area. 

N. M. Adams, the city’s Watershed 
Inspector, makes daily trips into the 
watershed and checks the sanitary con- 
ditions at each of the small communi- 
ties about once a week. He also sam- 
ples the water above and below all 
these small settlements and takes sam- 
ples above and below the city’s intake 
and chlorination plant. He therefore 
has before him a complete cross-sec- 
tion of the sanitary quality of the raw 
water as well as the treated water. 
Whenever samples show contamina- 
tion, he is in an excellent position to 
trace the locality where it originates. 

The most serious problem the city 
is facing is that of the many small 
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Fic. 2. Cumulative Precipitation and Runoff in Green River Watershed 
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timber owners who carry on their log- 
ging operations without due regard to 
the effect that their operations may 
have on the quality of Tacoma’s water 
supply. Where large areas have been 
denuded of the forest cover, surface 
soil erosion and consequent turbidities 
have been caused, which have on many 
occasions made the water supply unfit 
for use for days or weeks at a time. 

Some very interesting observations 
have been made by the water depart- 
ment in studying the relation between 
precipitation and runoff with particu- 
lar reference to minimum flow records 
and water quality. 

Figure 1 shows the general map of 
the Green River watershed and gravity 
pipeline system. 

Figure 2 shows graphs of the pre- 
cipitation and runoff for correspond- 
ing periods for the time from Oct. 1, 
1931 to October 1, 1943. On the same 
diagram are also indicated the number 
of days per month the water showed 
noticeable color and the number of 
days per month when turbidities at the 
intake have been 10 ppm. or higher. 
Whenever water turbidities higher than 
10 ppm. show up at McMillin Reser- 
voir, the water is wasted at that point 
and a supply is provided from storage 
supplemented by the South Tacoma 
well system. 

Figure 3 shows graphs of cumulative 
precipitation and runoff for the same 
period covered by Fig. 2. 

Table 1 shows the basic figures of 
precipitation and runoff from which 
Fig. 2 was prepared. 

Tables 2 and 3 show the cumulative 
figures for precipitation and runoff 
from which Fig. 3 was prepared. 

Table 4 shows miscellaneous run- 
off and precipitation figures. 

Tacoma diverts now, 
about 8 per cent of the average annual 


roughly, only 
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runoff at the intake. In other words, 
less than 5 in. of runoff is required to 
furnish 85 sec.ft. of water at the intake. 

The highest precipitation shows dur- 
ing the water year 1932-33 indicating 
110.93 in., while the corresponding 
runoff was 84.51 in. or 76.2 per cent. 
The heaviest runoff, as well as the 
highest percentage of rainfall repre- 
sented in the runoff, occurred during 
1933-34 when the precipitation was 
106.15 in. and the runoff 90.37 in., 
which indicates the extreme high of 
85 per cent of the precipitation. The 
lowest precipitation was recorded dur- 
ing 1940-41, namely 74.22 in., with a 
runoff of only 30 in. or 40.4 per cent. 

It is interesting to note that during 
1933-34 when the greatest runoff was 
recorded, there also occurred the low- 
est monthly runoff at the intake, which 
was 0.58 in. during August 1934. 
During several days of the same month 
the river flow was down to 81 sec.ft., 
while during the extremely dry year 
of 1940-41, the lowest monthly run- 
off was 0.72 in. when the river flow 
never fell below 110 sec.ft. Intermit- 
tent readings that have been available 
on a number of occasions from Lester, 
about 18 mi. above the intake, indicate 
that here the precipitation is usually 
from 30 to 50 per cent lower than at 


the intake, contrary to the commonly 
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accepted theory that the rainfall in the 
mountains increases with altitude. 
Lester is located at an elevation of 
about 1,615 ft. A few isolated pre- 
cipitation readings taken at Stampede 
near the divide seem to compare more 
nearly with those taken at the city’s 
intake. The average precipitation in 
Tacoma is about 37.27 in. per annum. 

During 1933-34, the period of great- 
est runoff, there were 64 days with 
turbidities in excess of 10 ppm., while 
during the period of lowest runoff in 
1940-41 there were also the lowest 
number of days with turbidities of over 
10 ppm., namely fourteen days. The 
average number of days per year dur- 
ing the last twelve years with turbidi- 
ties in excess of 10 ppm. was 34. The 
greatest number of days per year when 
the water showed perceptible color due 
to decaying vegetation or melting snow 
was 104 days, while the lowest num- 
ber was 29 days, and the average for 
the twelve-year period 70.7 days. 

The development of storage in the 
Green River watershed to overcome 
turbidities and to supplement low 
water periods has been given some 
study by the department. While only 
a comparatively small amount of stor- 
age is necessary, the three dam sites 
that have been surveyed by the engi- 
neers of the U.S. Geological Survey, 
under the direction of the water de- 
partment, indicate that comparatively 
high dams are required to furnish this 
small amount of storage. Because of 
the close proximity of the Northern 
Pacific railroad to the main river, the 
storage sites investigated are located 
on the tributaries to the main river. 
The grade on these tributaries rises 
very rapidly, making unit cost for any 
storage development rather high. For 
some years to come, the storage re- 


quirements on the Green River water 
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supply system will, without a question, 
be provided from the city well system, 
The well system can be expanded in 
small units in step with increasing de. 
mand and without heavy capital in- 
vestment. 

The unusually high average runoff 
of 68.3 per cent and the short lag be- 
tween precipitation and runoff indi- 
cate and emphasize very clearly the 
necessity of maintaining a maximum of 
forest cover on the entire watershed 
area. The scant cover of surface soil 
on the rocky mountain slopes can only 
absorb and hold a limited proportion 
of the total precipitation. 

Raphael Zong has this to say in ref- 
erence to forest cover in his U.S. De- 
partment of Agriculture bulletin: “The 
action of mountain forests in protect- 
ing the soil against erosion and increas- 
ing underground seepage at the ex- 
pense of runoff is the result of their 
ability to lessen the severity of rain- 
fall, to retard the melting of snow, to 
offer mechanical obstacles to surface 
runoff, to hold the soil together, to 
keep it in permeable state, to increase 
its volume by constantly adding new 
soil and to absorb large quantities of 
water by its leaf litter.” Quoting 
further from the same bulletin, he 
states that “A group of prominent hy- 
drographic engineers of Europe had 
reached the following unanimous con- 
clusions upon these points: first, for- 
ests increase the mean low water levels 
and make their flow more uniform at 
ordinary stages; second, when situated 
on impermeable soils and slopes, for- 
ests form and maintain springs. For- 
ests hold the soil on slopes and so 
prevent destructive erosion and _ its 
consequences.” 

In other words, the moderating ef- 
fect of forest cover on stream flow is 
to equalize the flow throughout the 
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year by making the low stages higher 
and the high stages lower. 

With the possible exception of some 
5,000 acres along the river banks, all 
lands in Green River watershed area 
are chiefly valuable for forestry pur- 
poses only. The federal government 
has so far made little progress in the 
acquisition of lands so as to consoli- 
date its holdings, mainly due to lack 
of purchase funds. Without a ques- 
tion, the solution for the preservation 
and protection of Tacoma’s water sup- 
ply can only be found through a long- 
range plan administered by a central- 
ized authority looking toward a sus- 
tained-yield forest management opera- 
tion. The city of Tacoma is not in a 
position to acquire any considerable 
area of the watershed lands. Over 
100,000 acres, or about two-thirds of 
the entire watershed, is now under con- 
trol of the Snoqualmie National For- 
est, the Northern Pacific Railway Co., 
the Weyerhaeuser Timber Co. and the 
state of Washington. Fortunately for 
the city of Tacoma all these four 
agencies are interested in a long-range 
forest program, and it is hoped that 
they will form the nucleus for a cen- 
tralized organization. Until very re- 
cently legislation has been lacking 
whereunder federal, state and private 
agencies might pool their interests and 
make possible the better and more eco- 
nomical utilization of the forest re- 
sources. Such a central organization 
would discourage destructive lumber- 
ing on the many small areas of pri- 
vately-held forest lands and would also 
strengthen and tend to perpetuate the 
economic structure of such cities as 
Tacoma and other communities which 
depend to a very large extent on forest 
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resources for their industrial economy. 

A Dill that has been actively sup- 
ported by the Tacoma Water Depart- 
ment and which will provide the legal 
machinery for setting up an organiza- 
tion as outlined has finally been passed 
by the present Congress after a long 
struggle. The principles embodied in 
this bill have been the subject of care- 
ful and expert study for more than 
ten years and have been approved by 
many special and private agencies. 
This bill, known as Senate Bill 250, 
was signed by the President on Mar. 
29, 1944. The purpose of this bill is 
to promote sustained-yield forest man- 
agement in order thereby (a) to sta- 
bilize communities, forest industries, 
employment and taxable forest wealth; 
(b) to assure a continuous and ample 
supply of forest products; and (c) to 
secure the benefits of forests in regula- 
tion of water supply and stream flow, 
prevention of soil erosion, ameliora- 
tion of climate and preservation of 
wild life. 

It is felt by the author that this bill 
climaxes the long and persistent effort 
by many individuals and organizations 
that have had at heart, not only the 
best interests of the forest industries 
for the future, but all have had in mind 
the preservation of our most priceless 
heritage—our public water supply. 
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HE effect of the propagation of 

pressure waves in closed conduits 
containing water has come to be known 
by the rather homely name of “water 
hammer.” If a self-closing valve at 
the washbowl or kitchen sink becomes 
loose and snaps shut, a chug is heard 
and felt, as if some one had hit the 
pipe with a hammer. This chug doubt- 
less is responsible for the term “water 
hammer,” which has become a generic 
one, meaning not only the effect but 
also the entire phenomena of wave 
propagation in closed conduits. 

In the design of penstocks and gov- 
ernors for water turbines, the effects of 
water hammer must be carefully con- 
sidered. On change of load, the gov- 
ernor action, in causing the turbine 
gates to close or open, must be regu- 
lated to result in the least possible 
amount of water hammer in the pen- 
stocks; and they in turn must be de- 
signed strong enough to withstand the 
shock of such water hammer as is in- 
evitable in such works. 

It is to the credit of the turbine and 
governor manufacturers that no known 
penstock rupture can be directly attrib- 
uted to normal operation of such ma- 
chinery. Actual data on such accidents 
as have occurred are difficult, often 
impossible, to obtain, but such in- 
formation as is available indicates that 
damages from accidents of this nature 


have resulted from some emergency 


condition not contemplated in the de- 
sign or from some pure “bone head” 
act on the part of a careless or un- 
coached employee. 

Two of the 66-in. penstocks of the 
Moccasin Creek hydro-electric plant 
on the Hetch Hetchy water supply 
project of the city of San Francisco 
were ripped open in the early hours 
of June 30, 1925, while the plant was 
under test. An operator opened the 
penstock gate without first opening the 
bypass to fill the pipe between the gate 
and the impulse wheel. The penstocks 
are about a mile long and operate 
under a static head of over 1,300 ft. 
The resulting damage amounted to 
$50,000 and loss of a month’s service. 

It is well enough to call this a “bone 
head” play on the part of the operator 
but it may quite as well be called a 
“bone head” act on the part of the 
designers for failure to provide proper 
interlocking safety devices. 

A rupture of a manhole on the pen- 
stock of Big Creek No. 8 plant of the 
Southern California Edison Co. oc- 
curred Aug. 20, 1921, caused by water 
hammer created during the testing of 
the plant. The single unit of 22,500- 
kw. capacity was carrying a load of 
15,000 kw. on governor control. <A 
short circuit occurred at 6:00 a.M.; 
the gates were opened by the gover- 
nor, adding 10,000 kw. to the load on 
the unit. The short cleared immedi- 
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ately and the turbine gates closed, 
setting up a severe water hammer. 
The penstock is 2,800 ft. long and 
varies from 6 to 8 ft. in diameter. The 
static head is 680 ft. 

This was an emergency condition 
and probably would not have caused 
damage had it not been for a slag 
pocket in the cast-steel ring of a man- 
hole on the penstock. 

Water hammer must be guarded 


with consequent damages. The clos- 
ing of the ordinary swing-check valve 
does not occur until the flow has started 
to reverse, whereupon the shock of 
closing produces a succession of pres- 
sure waves that traverses the entire 
length of the pipe from check valve to 
reservoir many times, each wave de- 
creasing in amplitude until damped out 
by friction. Figure 1 is a typical case. 
Certain types of quick-closing valves 
on the market will reduce the water 
hammer effect materially but cannot 
eliminate it altogether. 


The phenomenon of .water hammer 
is caused by the sudden transformation 
of kinetic to potential energy. Con- 
sider the simple case of a pipe of uni- 
form diameter, with walls of the same 
thickness and of the same material 
throughout, carrying water from an 
open reservoir. If the flow is held 
steady and uniform by a partially closed 
valve, a condition of equilibrium exists 
in which the forces of gravity and the 
energy represented by the difference in 
pressures at each end of the prism of 
water are exactly balanced by the fric- 
tion of flow, as shown in Fig. 2. 


Fundamentals 


against in the design of discharge pipes 
from pumping plants. Pumps are usu- g 
ally provided with check valves to pre- 
vent the water in the pipe from run- 
ning the pumps and motors backwards 
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If the valve is suddenly closed com- 
pletely, in an instant the condition is as 
shown in Fig. 3. A portion of the 
prism next to the valve of length X 
will have had its velocity reduced to 
zero, while the remainder of the prism 
is still flowing at its original velocity. 
The pressure on the upstream end of 
the prism X is therefore increased, as 
evidenced by the rise in the piezometer 
pipe at section 2 by an amount y. At 
this instant the pressure line on the 
pipe is represented by the line “a b c,” 
the pressure head throughout the en- 
tire length X being constant at h + y 
and the velocity zero, while on the re- 
maining portion the pressure head is 
h, and the velocity / downstream. 

The front of the compressed prism 
X moves upstream at a velocity c, 
called the celerity of wave propagation, 
until the entire water prism in the 
pipe has come to rest under a pressure 
head of h +. During this time the 
pipe walls have stretched under the 
strain, enlarging the pipe. The instant 
the front of the compressed prism 
reaches the reservoir, water starts to 
flow into the reservoir because the head 
h+y is greater than the head in the 
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reservoir. The flow is also induced by 
the compression of the pipe walls. 
Thus a velocity V is established in the 
upstream direction and the pressure 
head drops to its normal value or less. 
The upstream flowing prism X, (Fig. 
4) now extends itself downstream to 
the valve, cancelling the compressed 
condition of water below it. At this 
instant the entire prism X, is flowing 
upstream at a velocity V. Upon reach- 
ing the valve there is no more water 
that can be started flowing upstream 
but as the water tries to continue flow- 
ing in that direction a partial vacuum 
is formed at the valve, which creates 
a prism of subnormal pressure as 
shown in Fig. 4, for which the pres- 
sure head is represented by the line 
“def.” This prism, designated by X,, 
extends itself rapidly upstream, halt- 
ing the upstream flowing water and 
reducing the pressure to y below 
normal. When this prism reaches the 
reservoir, the entire prism is at rest 
under a uniform head of h—vy and 
water again enters the pipe because 
the head h — y is less than that in the 
reservoir. This establishes a down- 
stream velocity V and the entire cycle 
is repeated over and over. This proc- 
ess is facilitated by the expansion and 
contraction of the pipe walls, as well 
as the expansion and contraction of 
the water itself, under the imposition 
and relief of stresses. 

At any given section in the pipe 
there is thus set up a series of pres- 
sure oscillations around the normal, 
which continue until they are damped 
out by friction of the water velocities 
propagated in both directions in the 
pipe and by the molecular resistance 
to repeated expansion and contraction 
of the pipe walls. This is shown in 
_ Fig. 1. by the pressure-time curves. 
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If the valve had been suddenly 
opened wide instead of being closed, 
the water would have accelerated to 
some value V’’ instead of having its 
velocity arrested. A subpressure wave 
would then first have traversed the 
pipe. When it reached the reservoir 
the pressure head in the reservoir re- 
maining at normal starts a normal 
velocity wave down the pipe with a 
corresponding normal pressure head. 
The velocity then oscillates from V to 
V’ until the new condition of flow at 
V’ has been established with its steeper 
energy gradient. 

There must be something in the 
pipe to reflect the pressure waves. Ex- 
perience has shown that a partly closed 
valve, a change in diameter or in thick- 
ness of walls, a change in pipe ma- 
terial, or a valve housing, even though 
the gate is wide open, all may serve as 
reflecting agencies that may cause par- 
tial reflections to be superimposed on 
the principal ones, resulting in complex 
pressure waves such as those of Fig. 1. 


Pressure Rise 


From Fig. 2, the Bernoulli equa- 
tion of energy can be written. When 
the equilibrium is destroyed by the 
valve, closure momentum is being de- 
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stroyed and this change of momentum 
is a measure of the forces producing 
the change. This force is indexed by 
the rise in pressure. By such an 
analysis the pressure rise due to sud- 
den gate closure has been found to be 


where y is the pressure rise on 
normal; V is the original velocity of 
the water; c is the celerity (velocity) 
of wave propagation; and g is the ac- 
celeration of gravity. Obviously, the 
length of time required for a wave to 
traverse the pipeline of length L from 
valve to reservoir and return is 2L + c. 
It may be shown that as long as the 
valve is closed within the time interval 
2L +c the pressure rise will be the 
same as if closed instantaneously. That 
is, the pressure rise is independent of 
the time and manner of closing the 
valve so long as it occurs within the 
time interval 22 +c seconds which, 
for brevity, is called the “pipe period.” 

If closed in successive steps the pres- 
sure rise for each step is 


A 
Ay = ¢c— 
( 


where Al’ is the change of velocity due 
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to a step closure of the gate and Ay 
the corresponding pressure rise. 

If the step closures are timed to oc- 
cur in more than one pipe period, the 
pressure rise will be less but its de- 
termination becomes quite complex. 


Celerity of Pressure Waves 


In order to evaluate the above formu- 
las we must know the celerity or the 
velocity of wave propagation. Since 
sound is the result of the propagated 
pressure waves, the celerity of the pres- 
sure wave is that of the velocity of 
sound in the medium in question. 

The celerity of wave propagation in 
any closed conduit depends upon the 
modulus of elasticity of the pipe walls 
in tension and also on the bulk modu- 


lus of the water in compression. The 
formula that has been derived is 
0 
c=- (3) 
\ 


in which K = the bulk modulus of the 
water (about 300,000 psi.) ; D = pipe 
diameter ; ¢ = thickness of pipe walls; 
E = modulus of elasticity of the pipe 
material (about 30,000,000 psi. for 
steel). The numerator is the velocity 
of sound in an unconfined body of air- 
free water in feet per second. 

Consider a pipe 36 in. in diameter, 
of 4-in. steel plate a mile long under a 
normal head of 100 ft. flowing full. 
From (3) the celerity of wave propa- 
gation therein would be 3,000 fps. 
From (1) the increase in pressure 
head due to instantaneous closure of 
a valve with normal velocity of 10 fps. 
would be 930 ft. or a pressure rise of 
over 400 psi. above normal! If the 
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pressure rise would amount to 40 psi. 
This illustrates the enormous force due 
to water hammer and how unthinkable 
it is to close instantaneously a valve 
in any pipe carrying a flow of water. 
Fortunately instantaneous closure of 
any type of valve under a head is next 
toimpossible. For this pipeline 2 + c 
= 34 sec. and the pressure rise will be 
the same whether the valve is shut in- 
stantly or is gradually closed within the 
34-sec. period. 
Historical Review 
The above formulas were first de- 
rived and experimentally verified by 
Prof. N. Joukovsky of Moscow in 1898. 
His treatise was translated by Miss 
Olga Simin and published in Proceed- 
ings A.W .W.A., 1904, p. 341. The 
Joukovsky formulas cover only the 
simple cases. The complexities due to 
slow valve closure were not covered. 
In 1902 Lorenzo Allievi, an Italian 
civil engineer, published a monograph 
in Italian entitled “General Theory of 
the Variable Motion of Water in Pres- 
sure Conduits.” This work was ex- 
panded in 1913 to include practical 
application to the specific problem of 
water hammer. Allievi’s work has 
been translated into many languages. 
His work contains diagrams by which 
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the pressure rise in simple conduits 
may be found for uniform gate closures 
of varying time intervals.  Allievi’s 
treatise forms the basis of all our pres- 
ent theories of water hammer and has 
been extended by Robert E. Glover to 
include compound pipes ; by Eugene E, 
Halmos to include surge tanks ; and by 
Ray S. Quick to include discharge 
pipes from centrifugal pumps. 

Norman R. Gibson published the 
first important treatise in English on 
water hammer entitled “Pressures in 
Penstocks Caused by the Gradual Clos- 
ing of Turbine Gates” (Trans. AS. 
C.E., 83: 707 (1920)). By assuming 
the gate to be closed in a series of 
small instantaneous steps at time in- 
tervals equal to the pipe period, Gib- 
son succeeded by arithmetical integra- 
tion in determining the pressure rise. 
His results check almost exactly with 
those obtained from the Allievi dia- 
grams, although the authors’ works 
are entirely independent of each other. 

A symposium on water hammer was 
presented at Chicago in June 1933 
jointly by the Hydraulic Division of 
the American Society of Mechanical 
Engineers and the Power Division of 
the American Society of Civil Engi- 
neers. This constitutes the bible on 
water hammer in English at the pres- 
ent time. It was published as a bul- 
letin by the A.S.M.E. 


Practical Applications 


The above outline of fundamentals 
and the example apply to a very simple 
case. In practice pipelines are often 
compounded of several diameters and 
include different thicknesses of plate 
and not infrequently entirely different 
materials. For example, a compound 
pipe of wood for the low-head portions 
and steel of smaller size for the high- 
head portions are frequently adopted. 
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Suppressor 


There are usually branch lines, serv- 
ices, air valves, blow-offs, standpipes, 
etc., so that the ordinary pipeline pres- 
ents a great complexity of conditions 
which are far beyond any possible 
mathematical solutions. 

It is not impossible for water ham- 
mer to be caused by trapped air in the 
pipe—an air valve may fail to release 
the air while the pipe is flowing partly 
full at a summit. If an extra head is 
turned in, the air may become com- 
pressed until a slug of water passes the 
summit, carrying out the air and caus- 
ing a surge in the pipeline. 

In order to avoid excessive pres- 
sures from water hammer, valves must 
be closed slowly in periods longer than 
the pipe period; check valves must be 
cushioned; and often automatic relief 
valves or surge suppressors must be 
provided. 

An old rule of thumb that has been 
applied to short lines under low heads 
is to add 50 per cent to the normal 
operating head to allow for water ham- 
mer. This is probably safe for ordi- 
nary lines where only a moderate 
amount of water hammer may be an- 
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ticipated. On long pipelines under 
high heads on which pumps or water 
wheels are located no such percentage 
increase is permissible but the maxi- 
mum stress for the most critical oper- 
ating condition must be painstakingly 
worked out. 

On compound pipes an equivalent 
pipe of uniform diameter may be sub- 
stituted for purposes of water hammer 
analysis. The gate movements must 
be limited to safe time intervals and 
automatic interlocking devices pro- 
vided in order that gate operations are 
not possible except in the one chosen 
safe sequence. 

In order to determine the pressure 
rise for any rate of gate closure, Al- 
lievi’s diagram shown in Fig. 5 may be 
used. In order to apply it, a pipe con- 
stant K = cl’, + 2gH, is determined 
where 


c =celerity of water propagation as 
heretofore explained 
V,, = normal velocity in pipe 
H, = normal head for steady uniform 
flow 


This quantity is shown at the top of 
the diagram. ‘Time intervals are given 
in multiples of the pipe period, i.e., 


T= n2L/c where T is the time of 
gate closure 

n =the number of pipe periods = 
Tc/2L shown on the left of the 
diagram. 


The pressure rise is given in terms 
of the rise above the normal head for 
steady flow. These are represented by 
the diagonal lines. The former ex- 
ample of pressure rise in a 36-in. pipe, 
under normal head of 100 ft., carry- 
ing water at a velocity of 10 fps. is 
now readily checked by the diagram. 

The pipe constant K = 3,000 x10 
+ 64.4 x 100 = 4.65. The time period 


= 
o 
200 
a 
5 
Tey 
d 


V ol. 37 


under 
water 
ntage 
maxi- 
oper- 
‘ingly 


alent 
sub- 
nmer 
must 
and 
pro- 
are 
iosen 


sure 

Al- 
be 
con- 
‘ined 


nN as 


orm 


Jan. 1945 


ior the 1-mi.-long pipe is 35 sec. From 
Fig. 5 for the above pipe constant 7 
one time period find (H, + y) + 
= 10.20, since H, = 100 ft., y= a 
ft. for the pressure head rise which 
checks closely with the value previ- 
ously found. If the normal head had 
been 75 ft., then K = 6.2 and h = 923 
ft. Hence the pressure head rise is 
practically independent of the normal 
head for steady flow for closure in one 
pipe period, as is evident from (1). 
For closure in longer periods, how- 
ever, the normal head has a decided 
effect as the following will show: 
For H, = 100, K = 4.65. Let n= 
six periods. Finding the intersection 
of n=6 with K = 4.65, read (H, 
+y) +H,=2.10, from which y= 
110-ft. rise. 
For H=75, K=62 (H,+¥y) 
+ H, = 2.65, for which y = 124 ft. 
If the pipe had been designed to 
withstand a head 50 per cent in ex- 
cess of normal, we have for H, = 100 
ft, (H, + y) + H, = 1.50, for which 
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n is found to be eleven periods, that 
is, 384 sec. should be the time of gate 
closure. 

On long pump discharge lines a 
surge suppressor may be installed as a 
safety measure. It is merely a glori- 
fied relief valve attached to the branch 
of a tee just beyond the check valve. 
If power fails the valve is opened to 
bypass the water under the pressure 
head rise to the pump sump. There- 
after the valve slowly closes, bringing 
the prism of backward flowing water 
in the pipe to rest. Figure 6 shows 
the effect of a surge suppressor made 
by the Pelton Water Wheel Co. on the 
discharge line of a high-head pump. 
Figure 1 shows the water hammer in 
the same line without the surge sup- 
pressor due to a power interruption. 

For a discussion of other corrective 
measures to reduce water hammer, ref- 
erence is made to an article by Richard 
Bennett in Water Works and Sewer- 
age, June 1942, entitled “Water Ham- 
mer Correctives.” 
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ee 1927, k. C. Dennett and George 

. Swan, of the National 

Joard of Fire Underwriters, presented 
a paper entitled “Reliability Features 
of an Electrically-Operated Pumping 
Station.” * In this it was brought out 
that there was a decided trend toward 
electrical motors as prime movers in 
connection with the varied operation of 
water works systems. In addition 
many industrial plants are depending 
on electricity for the operation of pro- 
duction machinery and have no other 
power for local plant fire protection. 

It is evident that a major interrup- 
tion of electrical supply in any com- 
munity may be very serious. There is 
not only a possibility of private plant 
protection being put out of service, but 
also the municipal protection may be 
materially reduced, if not entirely 
eliminated. 

It is possible to provide standby or 
emergency service, insofar as pumps 
are concerned, through the installation 
of internal combustion engines and a 
supply of oil in storage. There may 
be other equipment in a municipal 
plant, such as individual well pumps, 
a soda feeder, or revolving screens or 
agitators which must be kept in opera- 
tion. These may make it necessary to 
install reserve generators, operated by 
internal combustion engines. 

: 268 (1927). 
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The natural inclination would be to 
have these reserve internal combus- 
tion engines such that they could be 
economically operated for a consider- 
able period of time, and for that rea- 
son the diesel type appears to be fav- 
ored by many water works officials. 

Under most conditions interruption 
of electrical supply will be short, and 
therefore the first cost of the emer- 
gency equipment may be important. 
Fire departments have proven beyond 
any doubt that the automobile gasoline 
engine, with a centrifugal pump, desig- 
ned to operate at 2,000 to 2,500 rpm., 
is a very satisfactory piece of equip- 
ment for such service. These have 
been developed for operating pressures 
of 100 to 250 Ib. and it appears reason- 
able that pumps can be designed for 
large quantities at the low heads used 
in the usual filtration system. 

One of the prime requisites of any 
water supply system depending on 
electricity for pumping, irrespective of 
whether the system supplies a com- 
munity or provides fire protection to 
a large industry, is to have some ele- 
vated storage. It is desirable, even if 
there is standby equipment, to provide 
some storage to take care of electrical 
outage. Small elevated tanks will care 
for the momentary shut-downs, such as 
occur during electrical storms, but as 
the cost of this type of tank is not high 


it is best to provide storage that will 
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allow for several hours of shut-down 
and still leave a good supply for fire 
protection. 

The following exemplify some of the 
more serious interruptions in electrical 
supply to communities. Many of them 
did not affect fire protection but they 
are given as an indication of the prob- 
ability factor which must be consid- 
ered when operation by electricity is 
being contemplated. 


Examples of Electrical Outages 


The question of strikes interrupting 
electrical supply to water works is one 
of vital importance. A news item, 
dated September 17, 1941, reported 
that Kansas City, Mo., was without 
lights and power and virtually without 
water as employees of the Kansas City 
Power and Light Co. struck at mid- 
night with virtually no warning. 

Several major interruptions to elec- 
trical service have occurred in areas 
supposed to be so inter-tied with other 
systems, or with other generating sta- 
tions, that there could never be a seri- 
ous interruption of service. Probably 
the most important of these was the 
breakdown of service for a portion of 
the Borough of Manhattan in New 
York City. A ground fault on a bus 
at the Hell Gate generating station 
resulted in the complete destruction of 
two sections of the switch house, a bus 
compartment, and a small room con- 
taining ground disconnect switch and 
circuit breakers for four generators; 
some feeders were severely damaged. 
Ties to other systems were damaged, 
thus interrupting all 60-cycle supply 
from this station. Repairs permitted a 
portion of the area served to return to 
normal in about 1 hr., and conditions 
in other areas were progressively cor- 
rected, with normal service in about 
11 hr. During this time attempts to 


of 
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supply the major area affected, through 
feeders from other stations, resulted in 
overloading feeders, transformers and 
secondary mains, and in a general con- 
dition of low voltage over a large area. 


Outage in Washington, D.C. 


On Dec. 21, 1940, at about 7 a.m., 
the electric supply for Washington, 
D.C., was seriously interrupted. 

Washington has two steam-powered 
generating stations, developing about 
170,000 kw. each. Also, three outside 
connections for electric power come 
into the city from the north—one is a 
small line coming in through Takema 
Park, Md., one is through the Penn- 
sylvania Railroad electrified railroad 
system and the main and largest one 
is from a water power generating sta- 
tion at Safe Harbor, Pa. 

A short in some equipment at Safe 
Harbor, at a time when Washington 
was receiving its main supply from 
Safe Harbor and only one or two 
Washington generators were operat- 
ing, resulted in an indication of trou- 
ble which at first was believed to be at 
the steam generator station. The gen- 
erators at the Washington station were 
shut down until the short was located. 
Current was off in sections of Wash- 
ington and Baltimore for periods up to 
} hr. and in some outlying sections for 


longer periods. 
Outage in Essex County,NJ. | 


The Essex Station of the Public 
Service Electric and Gas Co. is located 
in Newark, N.J. It is a modern, base- 
load steam station generating 13.2 kv., 
3-phase current with a rated output 
of 214,444 kva. This station is tied 
in with Kearny base-load steam sta- 
tion, also generating 13.2 kv., 3-phase 
current, through an outdoor sub-sta- 
tion, 


electric current. 
_ about 34 hr. the fire was finally extin- 
guished. 


- service could be restored. 


Shortly after 3:30 p.m. on Dec. 28, 
1936, while the station was in normal 
operation, one of the insulators on No. 
1 selector oil switch broke down, al- 
lowing the current to ground through 
the outer casing and frame of the 
switch. This was a 3,000-amp., 15,- 
000-v., 3-phase oil switch with three 
tanks containing from 50 to 65 gal. of 
oil each, all of which were located in 
a masonry cell at the south end of the 
fifth floor. It was used for the pur- 
pose of tying in the 13.2 kv. received 
from Kearny station to No. 1 generator 
bus located on the sixth floor. 

After the insulator broke down the 
current grounded to the oil tanks, caus- 
ing the oil to ignite, thus forming a 
heavy smoke and ionized gases. The 
smoke and gases spread rapidly to an 
adjacent masonry cell containing No. 2 
selector oil switch and caused this 
switch to ground but it was not dam- 
aged. The smoke and gases spread 
through floor bushings, etc., to the 
sixth floor. It penetrated to the No. 
1 generator bus chamber where it col- 
lected in a form of carbon soot on the 
bus and insulators, causing a second- 
ary breakdown at this point, with dam- 
age to several supporting insulators. 
The grounding of the frames support- 
ing the oil switch to the structural steel 
frame of the building permitted the 

current to pass to the neutral ground 
from the generators and ruptured the 
oil switch, shunting the 2-ohm resist- 


ance in the ground connection. 


Some difficulties were experienced 


in combating this fire because of the 


intense heat, smoke and stifling fumes. 
It was necessary to clear the station of 
After burning for 


The soot from insulators, 
buses, etc., had to be cleaned off before 
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Electric Outages in the South and 
Midwest 


In 1941 the entire electrical supply 
for the city of Jackson, Miss., was out 
of service for a period of 14 hr. The 
entire municipal water supply was de- 
pendent upon electric current. Three 
5,000-kva., 11,000-13,000-v. transform- 
ers, under a load of 10,416 kv., were 
involved. There was a fourth spare 
transformer. All three transformers, 
as well as considerable control equip- 
ment, suffered breakdowns, with a fire 
ensuing in the oil-filled equipment. It 
was 1} hr. before a steam plant with 
cold boilers could be started up and 
4,000 kw. in generators put in service. 

At Tucson, Ariz., on Aug. 14, 1940, 
a heavy rain of 2.35 in. within an hour 
caused a flood which put out of com- 
mission the main power plant, requir- 
ing an auxiliary plant at Cortaro to be 
placed in operation. This required 
some 4 hr. The supply was only 1,500 
kw., about 10 per cent of the demand, 
and full service was not restored for 
three or four days. 

In Jonesboro, Ark., about 1940, a 
burn-out in some oil-cooled switches in 
the switching room of the Municipal 
Power, Light and Water Plant caused 
a shut-down of the entire electric sys- 
tem for a period of about 2} hr. The 
water system was not totally disrupted 
for the period of the shut-down, since 
they had in reserve a 1,500-gpm., 
steam-driven, reciprocating water 
pump. This was immediately placed in 
service and drafted water from the 

ground storage reservoir, which was of 
sufficient capacity to maintain some 
fire service during the shut-down 
period. The system is dependent on 
two pumping plants, one at the power 
plant and one suburban station. This 
latter station is entirely electrically 
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driven and naturally it was out of serv- 
ice until the electric plant was returned 
to service. This caused a lowering of 
pressure in certain sections of town 
but did not seriously affect the ade- 
quacy of the system. 

About six years ago a small com- 
munity in northwestern Arkansas had 
the entire water system out when a 
fire burned down the electric lines 
which supplied the current for the 
operation of the municipal pumping 
plant. Arkansas has experienced a 
number of other interruptions to elec- 
trical service to water systems due to 
transformer burn-outs. 

About six years ago, the city of 
Monticello, Ark., was completely out 
of water for about 24 hr. when light- 
ning struck the high-tension transmis- 
sion line and burned out a large bank 
of transformers. The situation was 
rather serious in this municipality, since 
they had no elevated storage to serve 
as an emergency supply. 

A serious interruption of electrical 
supply in Minnesota occurred following 
the Armistice Day blizzard in 1940, 
when many of the municipalities de- 
pendent upon high line supply were 
without current for periods ranging 
from minutes to as much as 56 hr. 
The town of St. Charles, Minn., hav- 
ing a population of 1,500, was most 
severely affected. Records indicate 
that over 90 per cent of these smaller 
cities depend on electric power as their 
only prime mover in their water sup- 
ply system. Many communities found 
it necessary to shut off their elevated 
storage tanks and maintain that water 
for fire reserve. 

In December 1941 a less severe 
storm caused high line failures for a 
few small cities and towns in the east- 
ern part of the Dakotas and western 
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tion in this instance lasted less than 
half a day in all towns affected. 

In June 1933, the entire milling dis- 
trict of Minneapolis was cut off for 
from 8 to 17 min. and several minor 
residential areas were out for as long 
as 3hr. This interruption was caused 
when a lightning discharge burned out 
a current transformer, flashed the pot- 
heads in a large switching station and 
destroyed the oil-filled disconnects. 

On Jan. 9, 1942, a severe fire in the 
high-value district at Waseca, Minn., 
destroyed the main outgoing feeders 
from the municipal plant and caused 
current interruption of almost 7-hr. 
duration to a large part of that city. 

In Kansas a city was without water 
power for 38 hr. because a sleet storm 
broke down the electric transmission 
lines. In another instance, a city was 
without water for 12 hr., because the 
main supply line broke at the edge of 
town. In 1938 a circuit breaker failed 
in Kansas City, Kan., and caused a 
234-min. shut-down at the electric 
plant. Some years ago a fire destroyed 
the water and light plant at Garnett 
and the town was without electricity 
for several weeks, but the pumps were 
steam driven and were repacked and 
put into service within a few days. 
Salina and Atchison both had major 
gas pipe failures that left them with- 
out a gas supply for several hours. 

Approximately fourteen years ago 
at the Market Street generating station 
of the New Orleans Public Service, 
Inc., a valve in a turbine stuck and 
power supply for practically the entire 
city was disrupted for a period of 
something less than an hour. About 
four years ago there was a 15-min. shut- 
down at the same station, resulting 
from a short circuit on a bus. There 
is an ever-present possibility of failure 


|| 


siana. Single generating units and 


single banks of transformers are the 

| general rule in many of the smaller 
municipalities. The water supply is 
often entirely dependent on electric 
service, and in some cases generating 
equipment and pumping equipment are 


7 - housed in the same building. 
i In Omaha, Neb., at about 6:30 P.M., 


Apr. 2, 1941, a boy flying a kite caused 
a short in the high-tension wiring near 
the Bedford Avenue substation which 
resulted in a complete breakdown of 
the electrical supply to the Minne Lusa 
pumping station. The pumps were out 
of service about 45 min.; the electric 
lights in the pumping station were out 
about 15 min.; power was generated 
for the light circuit by a small genera- 
tor in the Minne Lusa pumping sta- 
tion. Normally, the automatic switch 
Le located at 108th Street near Maple 
Street would have kept the circuit in 
service, but in this case it was neces- 
sary to have the switch thrown in 
manually; this required about 45 min. 
the meantime, the full repumping 
load was thrown on the Poppleton 
Avenue Station. Despite light con- 
sumption, the water pressure was low 
- in several portions of the city covering 
a period of about 1 hr. Sometime dur- 
ing 1940, a short on the supply side of 
the large transformers outside and 
adjacent to the Minne Lusa pumping 
station put the transmission lines out 
of service for a period of three days. 
After 1} hr., the pumps were being 

by steam. 

In 1936 a boiler explosion wrecked 
the Missouri Power and Light Co. 
plant of Moberly, injured four persons 
_ fatally and one other critically and left 

# the city in darkness for 3 hr. Light 
and power service was restored by cut- 
Gag the city’s system into the lines of 

_ company plants at Mexico, Boonville 

Jefferson City. Water service 
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was cut off until an emergency engine 
at the pumping an was put into 
operation. 

The Texas titaieatin was isolated 
in 1940 by rapidly thickening coats 
of ice on communication lines. City 
water works at Amarillo ceased pump- 
ing at 6 a.m. and storage above-ground 
was exhausted at 4:30 P.M. 

In January 1937, the towns of Dyer, 
Greenfield, Kenton, Martin, Newbern, 
Obion and Rutherford, all in north- 


western Tennessee, were without elec- 


tric service for several days, as elec- 
trical transmission lines were broken 
down by a heavy sleet storm. 

On Jan. 15, 1932, the bank of three 
transformers connected to the main 
transmission line serving the town of 
Winchester, Tenn., was struck by 
lightning and put out of service. Spare 
transformers were brought in from 
several towns, and service was restored 
in 24 hr. The water pumping station 
was able to operate because of an 
emergency connection to a small hydro- 
electric plant near the town. 

About 1928, the dam of the munici- 
pally-owned hydro-electric plant, serv- 
ing the town of Cookeville, Tenn.. was 
destroyed by a flood. At the same time 
lightning put out of service the elec- 
tric motors driving pumps in the mu- 
nicipal water pumping plant 8 mi. 
away. However, water service was 
maintained by a gasoline-engine-driven 
pump until the motors were rewound 
and an emergency electrical connection 
with the transmission line of a_pri- 
vately-owned utility could be made. 

In Athens, Tenn., the transformers 
connected to the main transmission 
line serving the town were put out of 
service by lightning at 1:30 p.m. July 
7, 1930. At 9:00 p.m. an emergency 
connection was made to a 2,200-v. line 
from a town 10 mi. away, which was 
able to operate one of the pumps at 


as 


=: 
Sl 
su 


"ol. 37 


igine 
into 


lated 
coats 
City 
imp- 
ound 


Dyer, 
ern, 
orth- 


elec- 


elec- 
oken 


hree 
Nain 
n of 

by 
pare 
rom 
ored 
tion 

an 
dro- 


11Ci- 
erv- 
was 
ime 
‘lec- 
mu- 
mi. 
was 
ven 
und 
tion 
pri- 
1ers 
sion 
t of 
uly 
ncy 
line 
was 
at 


INTERRUPTIONS OF ELECTRICAL SUPPLY 45 


Jan. 1945 


about one-half capacity. About 10 
a.M. the next day, some other connec- 
tions were made so that about 75 per 
cent of the pumping capacity could be 
utilized. 

Approximately 22 in. of wet snow 
fell in Charleston, W.Va., on March 2. 
1942, and in West Charleston the elec- 
trical power was out of service for a 
period of 36 hr. This was due to 24 
breaks in lines carrying 44,000 v., 
which lines were broken down by an 
accumulation of wet snow. In East 
Charleston the electric service was in- 
termittent, eight breaks in lines having 
occurred in that section. There was no 
secondary source of power for the 
water supply, but during the period 
adequate water supply was reserved 
for fire fighting service, and the domes- 
tic supply was intermittent. The water 
pumping station did not happen to be 
located in West Charleston where elec- 
tric power was out of service for the 
longest period. 

About 9:00 a.m. on June 8, 1942, a 
training plane from the Tuskegee Air 
Field cut down three 110-kv. conduc- 
tors of the Tallapoosa River-crossing 
span of the Alabama Power Co. In 
the larger cities affected service was 
restored in from 15 to 21 min. by sup- 
plementary steam or oil engine plants, 
and other utility interconnections; 
some of the smaller communities were 
without electrical supply for water 
works pumping stations for a period of 
approximately hr. 

In May 1940 a high wind blew down 
both overhead power lines supplying 
the water works of Muskegon, Mich. 
A gasoline-engine-driven pump of 6- 
mil.gal. capacity and a 1-mil.gal. tank 
were available for fire supply and to 
maintain an average consumption de- 
mand of 5.5 mgd. 

A hurricane in 1942 disrupted power 
supply to the water works of Savan- 


nah, Ga., leaving only a 4-mil.gal. 
gasoline-driven pump for a supply for 
over 14 hr.; in this same hurricane the 
current was cut off at Charleston, S.C., 
as a life-saving measure, leaving the 
entire city and several smaller places 
without power. 

On Dec. 30, 1942, the high-tension 
line supplying the town of Ayer was 
put out of commission for about 12 hr. 
by a sleet storm. The town had a 
standpipe of 600,000-gal. capacity and 
one water-power-driven pump of 400,- 
000-gpd. capacity. This pump was put 
into service and it was stated that they 
were able to supply about 80 per cent 
of the town’s demand. 

At Lenox, Iowa, a lightning bolt 
struck a power line and blew out two 
power transformers serving the mu- 
nicipal water plant; water in the ele- 
vated tank was exhausted a short time 
before pumping was resumed. > 
Summary 

This record of interruptions in elec- 
trical supply is far from being com- 
plete. None of the instances cited is 
so old as to permit one to say that 
similar events cannot happen with 
modern electrical supply systems. 
Even such things as hurricanes cannot 
be considered as local to certain sec- 
tions of the country. In the New Eng- 
land hurricane in 1939, many power 
lines were interrupted, but most of the 
water systems using electrical power 
had sufficient elevated storage. In 
September 1944 another hurricane 
swept up the Atlantic Coast from the 
Carolinas to New England, and large 
areas were without electric service. 
The most complete interconnection of 
basic high-voltage power lines does not 
seem to produce the answer. Other 


sources of power, primarily internal 
combustion engines, and greater 


stor- 


age deserve attention. 
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Disinfection of New Mains 
By Cecil K. Calvert 


Supt. of Purif., Indianapolis Water Co., Indianapolis, Ind. 


Presented on November 9, 1944, at the Four States Section Meeting, Philadelphia, Pa 


HERE is a great deal of oppor- 

tunity for contamination of mains 
inherent in the handling of pipe and 
the unavoidable nature of the opera- 
tion of placing it in the ground. There 
is no reason why pathogenic bacteria 
cannot be transmitted in this way. 
In the water in newly-laid mains, types 
of bacteria are found which are in- 
dicative of pollution, and since lab- 
oratory tests cannot determine their 
origin, it is necessary to take all possi- 
ble precaution to keep them out or to 
destroy them where tests show them to 
be present. 

Pipe can go into the ground with 
dust and dirt in it, the amount depend- 
ing on how it has been handled and 
cleaned. The particles of solid matter 
can enclose bacteria. The flushing 
operation may be relied upon to remove 
a great deal of such solids but it is not 
reasonable to expect it to sweep the 
inside of the pipe clean. If a hydrant 
delivers 1,000 gpm. during flushing, 
the velocity in a 6-in. line is 680 fpm. 
and in a 20-in. line, 61 fpm. Even the 
higher velocity is not scouring. Some 
solid matter will be held on the inside 
walls of the pipe and in the joints. 

The packing material commonly 
used is hemp, which normally contains 
a large number of bacteria and is itself 
a suitable food for a great host of bac- 
terial types. Adams and Kingsbury, 
who made the first extensive report on 
hemp from a sanitary standpoint, found 


that they could culture Eberthell 
typhosa in broth containing no other 
nutrient material except that extracted 
from hemp. Many bacteria live on 
rubber, both natural and_ synthetic, 
some of them not growing on ordinary 
laboratory culture media but compris. 
ing, in part, the flora of the water in 
dead ends and contributing to the taste 
and odor of the water. Cotton and 
paper have been used to some extent 
to replace jute and hemp but both of 
them fall victims to bacterial action, 

In sulfur-compound joint failures, 
where the compound has become soft- 
ened, bacteria have been found which 
are natural in many soils. This action 
goes on from without but the bacteria 
causing the failure are ubiquitous, and 
if they gained entrance by way of the 
water and penetrated the packing, they 
would become a part of the life in the 
main even though they do not add to 
the routine plate count. 

When a person charged with main- 
taining satisfactory water quality in 
the distribution system has a new main 
turned over to him, his problem is com- 
plicated by the several factors men- 
tioned above. The general experi- 
ence has been that no one set of rules 
when applied to the treatment of a 
new main will guarantee success in all 
cases. From published articles, as 
well as from conversation with water 
distribution workers, come reports of 
new mains and entire systems which 
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are chlorinated again and again before 
ood water is delivered regularly. 

When the existence of the difficulty 
with new mains was first recognized, 
or rather when attempts were first 
made to correct it, the general practice 
was to leave little piles of hypochlorite 
in each joint as the pipe was laid. If 
extensive tests of the effectiveness of 
this procedure had been made, it would 
have been discarded or changed. A 
great deal of the chlorine in the powder 
was lost to the atmosphere as shown 
by the fact that frequently workmen 
“forgot” to put it in because it “smelled 
bad.” Leaving the hypochlorite in the 
line made it impossible to flush the 
pipe before chemical treatment and any 
dirt left in it reduced the strength of 
the chlorine solution. In filling the 
completed line with water it was dif- 
ficult to get the workmen to turn the 
water on slowly enough to prevent 
washing the powder to the far end of 
the line at once. This method did not 
produce good results and there is no 
reason why it should—but it was a step 
in the right direction and it did tend 
to make the construction gang con- 
scious of the need for care in laying 
mains. 

That the problem is a tough one is 
shown by the usual specification that 
water containing from 40 to 100 ppm. 
of chlorine be left in a new main over 
night. These high concentrations have 
been used in recognition of the pro- 
tection afforded bacteria by the solid 
matter introduced during the handling 
of the pipe and in the packing material. 
In clear water, a few tenths ppm. of 
real chlorine would be as good as 100 


ppm. 


Most investigators have assumed 


that the whole trouble rests in joint 
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packing and have directed their efforts 
to correcting it. Certainly the old type 
packing is a major source of trouble 
even though it is treated with steriliz- 
ing chemicals or heat before it is put 
in place. But the results obtained in 
many newly-laid mains under what 
are believed to be controlled conditions 
seemed to indicate that there must be 
some other source of contamination in 
new mains. 

While the idea still prevailed that the 
source of contamination rested in the 
packing, considerable effort was ex- 
pended in devising methods of treat- 
ment for hemp. Jute was never con- 
sidered as suitable, either plain or 
tarred, because plain jute is much 
dirtier than hemp and the tarred jute 
has developed chlorophenol tastes in 
chlorinated water. 

Due to the nature of hemp, a simple 
sterilizing agent is not suitable be- 
cause extractives, after the effect of 
the treatment is gone, sustain bacterial 
life. Clearly, an agent is indicated 
which will maintain a continuing bac- 
tericidal or bacteriostatic action. A 
suitable chemical agent must penetrate 
the fibers completely and mordant it- 
self there to such an extent that con- 
stant exposure to water will not re- 
move it. 

By chance, a material was found 
which exhibits these characteristics to 
a considerable degree. It is ortho- 
mercuro-phenol and is sold under the 
trade name of “Klerol” for disinfection 
purposes. Hemp treated with Klerol at 
a rate to deposit 3 mg. of mercury per 
gram of hemp held bacterial counts 
low for many months. The next best 
treatment was soaking the hemp for 
several hours in 15-per cent copper 
sulfate and then rinsing and soaking 
in 10-per cent sodium carbonate. The 
15-per cent of copper was 
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chosen because preliminary tests 
showed that 10-per cent was rather in- 
effective and 25-per cent left the hemp 
too stiff. The deposited copper car- 
bonate on and within the fibers re- 
tarded bacterial growth to a very great 
extent for the 10-month period of ob- 
servation. 

There are two general conditions im- 
posed on the water in new mains with 
an infinite variety of gradations be- 
tween the two extremes of (1) dead 
ends and (2) active transmission lines. 
In the former there is natural multi- 
plication of bacteria which may take 
place in water, plus that induced by 
food material in the pipe lining or in 
the jointing material. In the latter 
condition, the time in the line may be 
so short and the quantity of water may 
be so large in proportion to the main 
wall area that an almost unmeasurably 
small bacterial increase will take place. 

In established distribution systems, 
very few of the newly-laid mains are 
active immediately, most of them being 
extensions into sparsely built-up dis- 
tricts where water use is small. This 
most severe condition was investigated 
in lines laid in a variety of ways. 

It was soon learned that samples 
from fire hydrants were unsatisfac- 
tory because the leather in the valve is 
bacterial food. For use on lines under 
test, there was made a special sampling 
tap of sterilized pipe fittings with a 
sill-cock valve which was fitted with 
a lead washer instead of a fiber one. 
Between samplings, its outlet was pro- 
tected by a cap filled with alcohol. 
These precautions were taken to make 
sure that the sample drawn was rep- 
resentative of the water in the line. 
The following “case histories” were 
obtained on samples taken in this 
manner, 
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Examples of Pipe Sterilization 


A line with no prior treatment of 
pipe or hemp was laid in August. It 
was chlorinated at once and allowed to 
stand for 48 hr. at which time the 
water contained in it had a chlorine 
concentration of more than 90 ppm, 
Samples taken after all trace of chlorine 
was gone gave counts of less than ten 
and no gas-former was found in fifteen 
10-ml. portions. Twenty-one hours 
later, the counts were about 500 and 
coliform organisms were present gen- 
erally in 1-ml. amounts. 

The coliform density continued, with 
counts of several thousand for some 
weeks. Heavy flushing reduced both 
coliform organisms and total bacteria 
but did not reduce them to the level in 
the water being supplied to the line. 

In mid-October, 56 days after lay- 
ing, coliform organisms were decreased 
but still frequently found in 1-ml. 
amounts and the counts were just 
under 1,000. 

Two lines were laid in the same dis- 
trict at about the same time in mid- 
October. They were sampled for two 
months. One line was laid with hemp 
treated with 1-25 Klerol and the other 
with hemp treated by soaking in 15- 
per cent copper sulfate solutions to 
which had been added enough ammonia 
to re-dissolve the precipitate formed 
initially. The pipe used in both the 
lines was swabbed with 1-25 Klerol 
just before laying. 

Coliform organisms were not found 
in samples from either of the new 
lines during the period of the test. 
The counts on the day after the lines 
were finished were very low. On sub- 
sequent days they rose but not to the 
figures obtained in the summer and 
earlier in the fall. At the end of 60 
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days they were normal in the water 
from both lines. 

Samples of the treated hemp used in 
both lines were tested by the “three- 
day cycle” method, giving perfect re- 
sults. It must be assumed that the 
lowered water temperature produced 
an inhibiting effect on bacterial mul- 
tiplication. 

Two lines were laid with tubular- 
rubber packing, neither the packing 
nor pipe being treated. In one line 
the counts were somewhat elevated 
from the first but coliform organisms 
were absent immediately after the first 
flushing. In a day or so coliform or- 
ganisms appeared and the counts were 
in the low thousands. In 12 days, 
coliform organisms disappeared and 
no more were found for the duration 
of the test which lasted six weeks. No 
coliform organisms were found in the 
water being supplied to the new line. 
At the close of the test, the counts were 
lower but they were still higher than 
in the water entering the line. 

In the other untreated line, coliform 
organisms were present from the first 
and the counts were quite high. At 
the end of five weeks, when the test 
was ended, the coliform density was 
greatly reduced but the counts con- 
tinued high. 

Thus, by chance, no treatment at all 
produced fair results in one case and 
decidedly poor conditions were found 
in the other. 

A line was laid with 1-25 Klerol- 
treated tubular-rubber packing in the 
joints and each length of pipe was 
swabbed with Klerol of the same 
strength as was used on the packing. 
This was early in August with water 
temperature at about 75°F. 

On the day following completion and 
filling of the line, it was sampled five 
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times during a flushing which was at 
a rate calculated to displace the water 
three times. No coliform organisms 
were found and the counts were mostly 
under 100. On the day following, dur- 
ing slow flushing, three samples were 
taken, all of which represented water 
held in the line for one day. Coliform 
organisms were absent in fifteen 10-ml. 
portions but the counts were consider- 
ably higher than on the day before. 
The water was left in the line for an- 
other day, this being a total of two 
days in the line and three days since 
the line was first filled with water. 
On sampling, coliform organisms were 
present in nine out of fifteen 10-ml. 
portions and the counts were above 
1,000. At the last sampling, a month 
after the line was laid, the counts were 
around 20,000 and two coliform or- 
ganisms were obtained from ten 10-ml. 
portions. This line is very little better 
than the poorest of the untreated lines. 

Another line was laid with no treat- 
ment of the tubular-rubber packing or 
pipe. It was flushed when finished. 

The line was chlorinated and _al- 
lowed to stand for 48 hr. after which 
time the water in it contained more 
than 100 ppm. of free chlorine. After 
the chlorine was flushed out and no 
trace of residual remained, coliform or- 
ganisms were absent and the count 
was one. Seventeen hours later the 
results were the same. Forty-nine 
hours after the chlorine was removed, 
one coliform organism was obtained 
and the count was just under 1,000. 
Counts increased to about 15,00 and 
coliform organisms were present in 
many l-ml. portions in 10 days after 
chlorinating. 

The line was re-chlorinated. Since 
all laboratory work seemed to show 
that the rubber did not contain coli- 
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form organisms, it appeared that they 
might be protected in some mysterious 
way in the pipe coating which is not 
wetted easily. In order to be sure 
that the chlorine solution came into 
contact thoroughly with the inside of 
the pipe, “Dreft” was fed uniformly 
with the chlorine solution. 

After two days in the main, the 
water contained more than 100 ppm. of 
chlorine. At it was flushed into the 
gutter several inches of fine grained 
foam formed on the surface, giving 
evidence of a greatly lowered surface 
tension. Coating scraped from a pipe 
in storage was wetted in this solution 
and sank to the bottom at once. In 
plain water it tends to float. 

During the first 48 hr. after the 
chlorinated water was removed, six 
100-ml. portions yielded no gas form- 
ers and counts were normal. On the 
second day the counts were very 
slightly increased. Three days later 
counts were above 30,000 and coli- 
form organisms were present in some 
of the 10-ml. portions. The counts 
fell almost as suddenly as they rose 
and ranged from 3,000 to 8,000 for the 
duration of the test, which was con- 
tinued for 52 days after the last chlo- 
rination. From time to time the line 
was flushed with only temporary re- 
duction in counts and these were by no 
means reduced to normal. For one 
period of eight days, coliform organ- 
isms disappeared even in 100-ml. 
amounts, but they reappeared and 
were present in nearly half of the 10- 
ml. portions thereafter for the dura- 
tion of the test. The control sample, 
some 150 ft. from the start of the new 
line, yielded normal counts of two or 
three and no gas former was found, 
even in 100-ml. portions. 

Where the gas formers, coliform 
organisms and high counts came from 
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is hard to understand. Further ex- 
ploration of the possibilities led to the 
examination of the pipe enamel. 
Enamel was scraped from pipe in 
storage and treated with 100 ppm. of 
chlorine in water containing Dreft, 
After 24 hr. the chlorine was removed 
by rinsing and tap water was left on 
the enamel. A decided increase in bac- 
teria occurred, the counts for the first 
three days being 120, 900 and 5,400, 
This experiment has been repeated 


three times over a period of four years 


with similar results, new samples of 
coating from old pipe being used in 
each case. Counts on water over 
enamel sterilized by autoclaving did 
not increase. 

Experimental sections of 6-in. pipe 
were made up using (1) hemp, (2) 
lead wool, (3) Klerol swabbing, and 
(4) a non-ferrous pipe. The pipes 
were chlorinated in place, 150 ppm. of 
residual chlorine being present after 
24 hr. of contact. Water was passed 
through them at controlled rates, usu- 
ally to give a three-day retention, over 
a period of about two and a half years. 
The temperature varied from 69° to 
79°F. Laboratory tests were made 
frequently to determine bacterial count, 
presence of coliform organisms, tur- 
bidity, alkalinity, pH, iron, dissolved 
oxygen, odor, nitrite and ammonia. 
Only small differences in these items 
were noted except as in the following 
cases : 

Of the ferrous pipes, the one packed 
with hemp yielded the highest counts 
initially but not later. The non-fer- 
rous pipe yielded counts materially 
lower than the rest but still averaged 
almost 10,000. No pipe yielded coli- 
form organisms at any time. 

The dissolved oxygen was reduced 
about 2.5 ppm. in the ferrous pipes and 
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In one period, after continuous flows 
were discontinued, the water was held 
in the pipes for 48 days at the end of 
which time that in the ferrous pipe 
had suffered a reduction in sulfate con- 


tent of 5.2 ppm., while that in the 
non-ferrous pipe had gained a small 
amount of sulfate. 

The water from the ferrous pipes 
generally had a tarry odor, intensified 
by prolonged storage in the pipes. The 
water in the non-ferrous pipe never 
developed that odor, even in more 
than a year of storage in the line. 

This odor has been obtained in old 
dead ends in the distribution system 
where the possibility of its having 
come from the pipe lining is very re- 
mote—almost impossible. The odor- 
ous substance has been extracted from 
the water on several occasions with 
chloroform. It is seldom found in the 
winter and is always accompanied by 
high bacterial counts. Controlled lab- 
oratory experiments have not pro- 
duced this odor with certainty, but it 
is believed to be of bacterial origin and 
to be formed only in the presence of 
iron and sulfur in some form. 

The correct procedure which should 
be followed in laying new mains has 
‘not yet been developed. Common 
sense condemns the use of untreated 
hemp. Observation of main-laying 
operations shows that it is anything 
but a clean job. The men who must 
be employed on such work are any- 
thing but immaculate. Therefore all 
possible precautions should be taken. 


Conclusions 


The experiences recounted lead to 
the conclusion that: 
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1. The sterilization of mains in place 
can be accomplished with some uncer- 
tainty as they are laid at present. 

2. Explosive growth of bacteria may 
come from seed in and on pipe lining 
rather than from sterilized packing 
material, either hemp or rubber. 

3. A more offensive dead-end odor 
develops in ferrous than in non-ferrous 
lines. 

4. The multiplication of bacteria oc- 
curs in both ferrous and non-ferrous 


lines but to a lesser naan in the non- 


Recommendations 


It appears reasonable to suggest the 
following : 

1. Use non-ferrous pipe or lining to 
improve odor and bacterial counts. 

2. Use mechanical joints with rub- 
ber packing faced with lead. 

3. Seal each length of pipe with 
tightly-fitting thimbles as soon as its 
manufacture is completed in order to 
keep out dust and dirt until the pipe 
end is ready to be put “home” into a 
joint in the trench. 

4. Flush progressively and_ thor- 
oughly from the junction with the old 
line at each hydrant in the new line. 

5. Chlorination should maintain a 
residual of 50 ppm. for 24 hr. holding 
time in the line. 

6. Sample the line daily for at least 
five days. If the results warrant it, re- 
chlorinate. 


Editor’s Note: The need for disinfection of 
water mains after repair work is sharply in- 
dicated by the abstract on page 115, entitled, 
“An Epidemic of 3,000 Cases of Bacillary 
Dysentery Involving a War Industry and 
Members of the Armed Forces.” 
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ACTERIA are always present in 

water, even in the effluent from 
the most modern and efficiently oper- 
ated treatment plant, in spite of the 
fact that the effluent may carry 0.2 or 
0.3 ppm. residual chlorine as it enters 
the distribution system. As a check 
upon the effectiveness of treatment 
many plants inoculate agar culture 
plates which are incubated at 37°C. for 
24 hr. to determine the “total count” 
of bacteria. Such plates often show 
no bacterial colonies at 24 hr., and gen- 
erally the count does not exceed thir- 
teen per milliliter, but the term “total 
count” is a misnomer, unless we add 
the qualifying phrase “on standard nu- 
trient agar incubated at 37°C. for 24 
hr.” Incubating the same plates at 20° 
C. for 72 hr. produces many more 
colonies. Again, culturing on the same 
medium and for 72 hr. at 20°C., but 
in the absence of oxygen (anaerobic 
culture), will produce an abundant 
crop of different bacteria. Manifestly 
it is impossible to enumerate accurately 
all the bacteria present. 

Such experiments prove that certain 
bacteria manifest themselves under 
particular conditions and not under 
others, and that many kinds are able 
to survive dosages of chlorine which 
will readily exterminate the colon bacil- 
lus and the organisms which cause ty- 
phoid fever, Asiatic cholera and the 
bacillary dysenteries. In other words, 
the kinds and numbers of bacteria 
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which “thrive” in a given situation are 
dependent on the environment. Many 
bacteria which are unable to flourish 
in a particular environment are able 
to survive there in a dormant state for 
indefinite periods, and will multiply 
rapidly when the environment changes 
to a more favorable one. The pipes 
composing the distribution system af- 
ford constantly changing environments, 
and as a consequence the prevailing 
bacterial forms differ from place to 
place and from season to season. 

The most important factor control- 
ling growths of bacteria is the avail- 
able food. Waters vary within wide 
limits in the kinds and quantities of 
food substances which they carry, and 
as a consequence the dominant bac- 
teria which flourish in pipes and the 
luxuriance of their development are 
equally variable. In this connection 
ZoBell has done some interesting work 
to determine just how small an amount 
of organic matter in water is sufficient 
to support large bacterial populations. 
He found that Escherichia coli will 
multiply in water containing no or- 
ganic matter other than 0.1 ppm. glu- 
cose, but that vigorous growths were 
not obtained unless glucose, unaccom- 
panied by other organic substances, 
was present in concentrations ranging 
from 10 to 100 ppm. 

Incidentally, he expresses a thought 
which all bacteriologists working on 
water would do well to take to heart 
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when he quotes a personal communica- 
tion from Prof. E. G. Hastings as fol- 
lows: “It has always seemed to me that 
we tend to grow micro-organisms in 
the laboratory under conditions which 
are vastly different from those existing 
in nature, and that therefore the via- 
bility and vitality of the organisms as 
we study them may be quite different 
from those in nature.” (J. Bact., 45: 
555 (1943).) 

It is safe to say there is no water 
supply in the world which does not 
contain sufficient food to support ac- 
tive bacterial growth. An impounded 
surface water which is allowed to pro- 
duce abundant growths of algae and 
which is not filtered will contain great 
quantities of bacterial food in the bod- 
ies of algae which must quickly perish 
in the darkness of the pipes. Such 
waters cause the greatest troubles in 
the distribution system. Filtration will 
effectively remove solid foods, but not 
soluble ones, such as vegetable and 
animal extracts, nitrates, phosphates, 
sulfates, hydrogen sulfide and many 
others. 

Most of the bacteria which inhabit 
water pipes are attached forms which 
build encrusting colonies or slimes 
over the walls of the pipe. As a con- 
sequence tap samples drawn from a 
pipe which is heavily infested with 
slimes may, and often do, yield low 
total counts, thus giving the unwary 
observer a false impression of sterility. 
To facilitate in the study of these at- 
tached forms one must resort to spe- 
cial technic. Some resourceful bac- 
teriologist devised a scheme of install- 
ing a corporation cock on a main, to 
which he attaches a nipple about 6 in. 
long, closed at the outer end by a 
stuffing-box through which is inserted 
a rod, on the inner end of which is 
affixed a clamp to which is secured an 


ordinary glass microscope slide which 
has been sterilized. When this is in 
place in the nipple and the stuffing-box 
securely seated, the corporation cock 
is opened and the glass slip pushed Rae 
into the pipe where it is left for a ; 
period, after which it is withdrawn for 
study. The results are enlightening, 
and most surprising to one who uses 
the method for the first time. 

The pipe-dwelling organisms con- 
sidered here will be limited to those 
which are the first to intrude them- 
selves on the attention of the con- 
sumer, for they may affect the odor, 
taste, color and turbidity of water. 
They may also cause corrosion of pipes 
with the production of tubercles, and 
give rise to other and unexpected trou- 
bles, especially “red water.” 


Crenothrix 


Of first importance, at least in south- 
ern California, is Crenothrix, some- 
times spoken of as the “water ca- 
lamity.” At least two cities in Cali- 
fornia can ruefully testify to the apt- - 
ness of the term, for it has been their —~— 
“Enemy No. 1” for years. Crenothrix ~&. 
belongs among those bacteria which — 
are termed “autotrophic,” that is, those 
which can subsist on inorganic foods 
and which can utilize carbon only from 
carbonic acid, not from organic com- 
pounds such as carbohydrates. More-— 
over, they derive their energy only 
from the lower oxide carbonates of iron. 
or manganese through a process of 
oxidation. This means they can flour- : 
ish only in waters where such salts — 
are present. In passing it is interest-_ 
ing to note that these particular com- 
pounds are present only in water which 
contains free carbon dioxide, which 
alone holds them in solution. b 


Properly speaking, one should not 
carbon dioxide” when 


use the term 
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referring to that gas dissolved in water. 
To convey a correct picture of condi- 
tions in water pipes one should say 
“carbonic acid,’ for carbon dioxide 
when dissolved in water always be- 
haves as though it had taken up the 
elements of water to form that acid, 
according to the equation : . 


Realizing this, it is easy to under- 
stand how water which contains carbon 
dioxide has a depressed pH value and 
tends to be corrosive in character. But 
carbonic acid itself has never been 
isolated, and perhaps never can be, so 
it has to be determined by the chemist 
as carbon dioxide. Hence it has cus- 
tomarily been reported as such, or by 
some chemists as “carbonic anhydride,” 
a term which immediately suggests its 
acid character. 

Crenothrix is a normal inhabitant of 
soils, and it readily finds its way into 
water. Apparently it is always pres- 
ent in small numbers, and it probably 
exists in a resting stage comparable to 
hibernation, until conditions become 
favorable for its development, when 
it makes itself quite at home. Actually, 
the most important and critical factor 
in its development is carbonic acid, for 
when that is present it will attack the 
metal of the confining pipe with a re- 
sulting production of carbonate of iron 
and manganese. Naturally, the forms 
of life found to be active in any given 
locality—the “communities,” to use a 
biological term—are determined by the 
environment. We all know that en- 
vironment reacts upon an individual, 
be it man or bacterium, but we some- 
times forget that it is also true that the 
individual exerts upon its environment 
an effect of equal amount, although 
different in character. Hence environ- 
ments and populations change not only 
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from place to place, but in the same 
place from time to time. 

Crenothrix, except when migrating, 
is an attached form, tending to spread 
its colonies over the surface of the pipe. 
In order to understand how it is able 
to make so much trouble it is neces. 
sary to digress for a moment to con- 
sider some fundamentals of biology, 
First, in nature bacteria are never 
found in pure culture, but only in cos- 
mopolitan mixtures (communities) of 
numerous forms, some of which may 
be in a dormant stage, due to unfavor- 
able environment at the moment, yet 
ready to become active when the op- 
portunity arises. What happens in a 
pipe, then, is the result of the activities 
of a mixed population, seldom, if ever, 
the performance of one specie. 

Second, bacteria exhibit antagon- 
isms as well as friendships, the latter 
being referred to more properly as 
“symbiosis,” a word which means liv- 
ing together in harmony. For an ex- 
ample of the former, it may be stated 
that bacteria which produce hydrogen 
sulfide as a metabolic byproduct would 
antagonize Crenothrix, because the hy- 
drogen sulfide would remove the iron, 
which is all-essential to Crenothriz, 
precipitating it as the insoluble iron 
sulfide. This has actually been ob- 
served in one of the tunnels of the 
Metropolitan Water District. Here 
Crenothrix flourished above the hy- 
drogen sulfide area, but was completely 
dead and blackened within that area 
which had subsequently been invaded 
by sulfur-bearing ground water. An 
example of symbiosis is the ability of 
typical Esch. coli to flourish in water 
in the presence of cellulose which is 
being used by cellulose-splitting bac- 
teria, one of the byproducts of whose 
metabolism is cellobiose, upon which 
colon bacillus can thrive. The jute so 
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commonly used for packing joints in 
water pipes is cellulose, and where per- 
sistent coliform findings have been 
traced to it we are dealing with sym- 
biosis in a practical way. The most 
recent account of this phenomenon, 
and one reporting a most painstaking 
study, is to be found in a paper by J. 
R. Sanborn, of the New York State 
Experiment Station, entitled “Slime- 
producing Coliform and Coliform-like 
Bacteria” (J. Bact., 48: 211 (1944)). 
This paper summarizes fiften years’ 
work on slime-forming bacteria in con- 
tact with cellulose. 

In it Sanborn says: “Out of 175 
samples of slimes examined for coli- 
form bacteria, 94 per cent yielded 
varieties of Aerobacter as the principal 
slime producers. Six per cent of the 
cultures isolated were more closely re- 
lated to the genus Escherichia than to 
the genus Aerobacter.” 

Under our present bacterial stand- 
ard for drinking water Aerobacter has 
the same sanitary significance as 
Escherichia, hence the importance to 
the water works profession of the as- 
sociation between  cellulose-splitting 
bacteria and organisms of the coliform 
group is apparent. 

Third, a word about environment. 
We think of the salt water environ- 
ment or of the fresh water environ- 
ment—that of the running stream, of a 
lake or of a pipe—but to understand 
happenings in a water main we must 
envision the micro-environment, or 
microsphere (the “world” of the bac- 
terium), which may have one dimen- 
sion only a few thousandths of a milli- 
meter in extent. 

I recently had the privilege of en- 
tering a 36-in. steel transmission line 
which had just been dewatered after 
two years of continuous service carry- 
ing lake water which had been stored 


for many months. The wall of the pipe 
was liberally sprinkled with strongly 
convex droplets of jelly, one or two 
millimeters in diameter, some slightly 
larger. They had a reddish tint, and 
could be readily slipped from place. — 
Examined later in the laboratory they 
were found to consist of a mass of bac- _ 
terial slime, in and through which ran 
filaments of Crenothrix. The lake 
water contained no iron or mangenese ~ 
and only small amounts of carbonic 
acid, the pH ranging from 7.3 to 8.0, 
depending on season, depth of draft 
and abundance of phytoplankton. How — 
could Crenothrix, which requires iron 
and manganese, live in such an en- 
vironment? The answer is that within | 
the globule of gelatinous material con- 
taining the bacteria, a micro-environ- 
ment had been created which con-— 
trasted sharply with conditions in the 
stream of water flowing less than a 
millimeter distant. The jelly which — 
held the colony attached to the pipe 
was saturated with water which was 
retained in a state of virtual stagna- 
tion, being replaced by new water only 
slowly, thus giving time for exhaus-_ 
tion of those dissolved constituents — 
which the bacteria could use, and for 
loading up the water with soluble by- 
products of bacterial activity. As 
water reached the jelly it had an aver- 
age pH of perhaps 7.5 and was not 
actively corrosive. The bacteria were 
producing carbonic acid, both as a by- 
product in the cleavage of food ma- 
terials, and as the end result of cellular — 
respiration. Accumulation of this acid 


in water of the microsphere depresses : 
the pH below the neutral point, and — 


the location of greatest acidity is next © 
to the pipe wall, farthest away from 


the flowing water. Free carbonic acid _ 
in contact with bare iron and in the _ 


presence of water, results in corrosive 
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attack, the metal being taken into solu- 
tion as ferrous bicarbonate, which can 
be utilized by Crenothrix. Thus by 
teamwork with slime-forming organ- 
isms, Crenothrix is able to flourish in 
a pipe carrying water which is iron- 
free, a seeming anomaly until the part 
played by symbiosis in creating spe- 
cialized environments is understood. 

In one instance where Crenothrix 
was a constant trouble-maker in the 
distribution system its control was at- 
tempted by the use of sodium carbon- 
ate. The water was derived from 
wells, and it contained small amounts 
of iron and manganese, as well as from 
11 to 17 ppm. of free carbonic acid. 
It was believed that sodium carbonate, 
sufficient in amount to raise the pH to 
8.0 or even 8.3, would neutralize most 
of the carbonic acid with precipitation 
of the iron and manganese, and so 
starve Crenothrix into submission. 
Such a treatment was decided upon 
because it was easily applied, inexpen- 
sive and promised material relief until 
such time as a conventional treatment 
plant could be built, and the degree of 
success attained warranted the innova- 
tion. 

One incident in this campaign to 
control Crenothrix may be mentioned 
as a concrete illustration of the reality 
of microspheres. After sodium car- 
honate treatment had been continued 
for some time we found “white sand” 
was flushed from one of the mains. 
Examination showed the “sand” to be 
calcium carbonate <olites having a 
maximum dimension of a few tenths 
of a millimeter. Exhaustion of free 
carbonic acid in the capillary film sur- 
rounding the Crenothrix filament had 
caused reduction of calcium bicarbon- 
ate to the insoluble monocarbonate 
upon and around the filament and the 


process continued until the bacterial 
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cells were killed. Other filaments ip 
the skein twined over the buried one 
only to be coated in turn, and the proc. 
ess was repeated until the Oolite was 
large enough to be washed from its 
anchorage. The carbonic acid content 
of the flowing water where the Golites 
were formed was 4 or 5 ppm., or suf- 
ficient to prevent the formation of 
normal carbonate except within the 
microsphere. Farther down the main, 
where these oolites were deposited 
upon bacterial slimes in the invert of 
the pipe they were redissolved by the 
excess carbonic acid in that localized 
environment, as was abundantly at- 
tested by the finding of partially dis- 
solved Oolites. 


Beggiatoa 


Bacteria of the sulfur cycle are al- 
ways to be found in water pipes, where 
they may become active agents of cor- 
rosion. Beggiatoa is most widely 


known, for under favorable conditions } 


it forms white filaments an inch or 
more long. I have seen them 8 to 10 
in. long in sulfur water in the Owens 
Valley. 

This bacterium obtains its energy 
from the oxidation of hydrogen sul- 
fide, and, like Crenothrix, can use car- 
bon only from carbonic acid.  Ele- 
mentary sulfur is produced as a by- 
product in the utilization of hydrogen 
sulfide, and it is stored up in the hac- 
terial cells, giving the filaments a char- 
acteristic appearance which, coupled 
with a serpentine form of motility, 
renders them easily identifiable. 

Beggiatoa is not a frequent cause 
of trouble in water pipes, as few do- 
mestic supplies contain hydrogen sul- 
fide, but it is found in “dead ends” 
whenever there is a sufficient collection 
of organic matter to produce hydrogen 


sulfide. Nevertheless, it has caused 
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much trouble in several suburban areas 
of Los Angeles, but always in waters 
at the source, or where such waters 
were used untreated. It can be kept 
out of mains by aeration, filtration and 
the use of chlorine. It may be an in- 
direct cause of corrosion when its 
stored sulfur is utilized by the next 
organism to be mentioned. 


Thiobacillus Thiooxidans 


Potentially the most important mem- 
ber of the sulfur cycle is Thiobacillus 
thiooxidans, which oxidizes elemen- 
tary sulfur to sulfuric acid, thus ob- 
taining energy with which to assimi- 
late carbon from carbonic acid. Ex- 
perimentally it attacks the sulfur-silica 
compound often used to calk the joints 
of cast-iron pipe, and since it is able 
to build up a concentration of sulfuric 
acid greater than tenth-normal, it could 
cause active corrosion if it gained ac- 
cess to such compounds. It may suc- 
ceed a decadent growth of Beggiatoa, 
utilizing the sulfur which that organ- 
ism produced as a byproduct. Such a 
growth would be transient, being 
limited by the amount of sulfur avail- 
able, but in the meantime it could 


initiate corrosive processes which 
would continue after thiooxidans had 
disappeared. 


Other organisms of the sulfur cycle 
of importance in water pipes are those 
which reduce sulfates. It will be re- 
membered that all bacteria are divided 
into two classes with respect to their 
oxygen requirements. Some flourish 
only in the presence of atmospheric 
oxygen, hence are called “aerobic.” 
Others flourish only in the absence of 
atmospheric oxygen, and are called 
“anaerobic.” Of course there are in- 
termediate forms, and some aerobes 
are able to adapt themselves for longer 


or shorter periods to anaerobic condi- 
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tions. But no bacteria are able to live 
without oxygen, and the ones that can 
thrive in the absence of air can do so 
only because they have learned to pry 
loose oxygen from some of its com- 
pounds. In this respect they seem to 
be more fortunate than the modern 
aviator who must carry his oxygen 
with him when he invades the rarified 
atmosphere of the stratosphere. Both 
the bacterium and the aviator have 
found ways to overcome successfully 
an adverse environment, but it would 
seem the former has attained the more 
practical solution, for he takes his oxy- 
gen out of the adverse environment 
while the human has to carry his into 
enemy territory, thus being dependent 
upon his line of communications, a 
situation which does not apply to the 
microbe. 

Many bacteria are able to reduce 
sulfates, salts which are seldom absent 
from water, with the release of the all- 
necessary oxygen and the production 
of hydrogen sulfide as a byproduct. 
When calcium sulfate is attacked the 


reactions are: 
CaSO,—40 = CaS 
calcium oxygen calcium 

sulfate sulfide 


CaS + H,CO, = CaCO, + H,S 
calcium calcium hydrogen 
sulfide carbonate sulfide 


carbonic 
acid 
This form of bacterial activity occurs 
only too often in water pipes, and it 
causes vociferous complaints. Some 
years ago, the author had an oppor- 
tunity to observe personally a most in- 
teresting case at Beverly Hills, Calif. 
At that time the city derived its water 
from wells most of which yielded sul- 
fur water. After several years of end- 
less trouble they built a modern and 
architecturally beautiful plant which 
produced an effluent that was free from 
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hydrogen sulfide and in all respects an 
acceptable and palatable water. But a 
few days later I was called to investi- 
gate an especially venomous complaint 
emanating from an attractive home in 
one of the better residential districts. 
The consumer explained she had just 
redecorated her home, and had her 
bathroom finished in spotless white, 
using the best white lead paint money 
could buy. 

We found the walls a dingy brown 
to black where the fumes of hydrogen 
sulfide had converted the white lead 
to lead sulfide and we felt her com- 
plaint had been fully justified. Sul- 
fate-reducing bacteria still rampant in 
the mains had produced as much hy- 
drogen sulfide in the treated water as 
had been present before the plant had 
been built. A long campaign of chlo- 
rination and flushing of the mains was 
necessary before the trouble-makers 
were eliminated. 

A more recent experience in which 
sulfate-reducers were responsible for 
serious corrosion occurred in cooling- 
water lines at the steel plant of the 
Timken Roller Bearing Co. in Canton, 
Ohio. Some of these lines had a life 
of only a few months. A detailed re- 
port of the trouble and its control 
through the use of chlorine has been 
made by Clark and Nungester in the 
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Transactions of the American Society 
of Metallurgists for June 1943. Dr, 
Nungester, Associate Professor of Bac- 
teriology in the University of Michi- 
gan, isolated the sulfate-reducers and 
proved their corrosive abilities in cul- 
ture in the laboratory. 

All of these experiences shed light 
upon the cyclic nature of life and the 
cyclic transformations of matter, espe- 
cially of carbon, sulfur, iron, man- 
ganese and, we might add, nitrogen and 
phosphorous. 
cessions of micro-populations in re- 
sponse to changing environments, and 
also illustrate the co-operative work of 
bacteria in symbiotic association. They 
voice a challenge to bacteriologists for 
intensive investigation of the micro- 
populations of water pipes, not in pure 
culture, but as naturally growing com- 
munities of mixed bacteria, fungi and 
protozoa. The microscope slide cul- 
ture method offers great opportunity 
for investigation, and the substitution 
of metal slips of the same size and 
thickness makes it possible to study 
the phenomena of biological corrosion 
and tuberculation. The opportunities 
for fruitful investigation opened up by 
this method cannot be neglected by 
those who are interested in the quality 
of water after it has entered the distri- 
bution system. 
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to conserve coal, petroleum products, 
transportation, gas, electricity, com- 
munications and water. 

The sub-committee on water, set up 
in December 1943, is composed of : 


Chairman 
Director of Sanitary Engineering, District 
of Columbia 
Vice-Chairman and part-time Acting Chair- 
man 
Head Engineer, U.S. Engineer Office, in 
charge of Washington Aqueduct System 
Executive Secretary 
Assistant Superintendent, District of Co- 
lumbia Water Department, and Director, 


Water Conservation in Washington, D.C. * 
By Edwin A. Schmitt 


Head Engr., Washington Aqueduct System, U.S. Engineer Office, Washington, D.C. 
Presented on Nov. 10, 1944, at the Four States Section Meeting, Philadelphia, Pa. 


an 


War Public Works Projects for Dis- 
trict of Columbia 


Member 

Representative of U.S. Public Buildings 
Administration, handling housing and 
maintenance of federal establishments in 
the Washington area 


Member 
Chief Engineer, Arlington County Water 
Department, which receives its water 
from Washington 
Participator 
Superintendent, District of Columbia 
Water Department, which administers 
distribution system 


Participator 
Superintendent, Washington Aqueduct 
System, which encompasses supply divi- 


sion 

Lines of Endeavor 
The sub-committee laid out a broad 
program of conservation of water in 
every direction possible. The problem 
was attacked along both internal and 
external lines. This included the 
check-up of use practices, waste and 
physical leaks by each of the two di- 
visions of the water system, viz., the 
Water Department of the District of 
Columbia and the Washington Aque- 
duct System. In addition, the federal 
departments, industrial establishments, 
commercial houses and private parties 
were solicited along the same lines di- 
rectly and by the media of newspaper 
publicity, folder inclosures with mail, 

individual letters, etc, 


The various departments of the mu- 
nicipal government were circularized 
on the conservation of water and the 
reporting of leaks and waste. Similar 
action was taken within the U.S. Engi- 
neer Office organization, especially on 
the Washington Aqueduct supply sys- 
tem. The Public Buildings Adminis- 
7 tration representative on the sub-com- 

mittee also instituted a conservation 

campaign through the medium of 6,000 
circular letters and Arlington County 

followed suit. 
- The 98-page handbook of the Ameri- 
can Water Works Association on 
“Water Conservation,” which outlines 
a voluntary and selective program to 
aid water utilities in a co-operative 
“Stop Water Waste” campaign, was 
highly useful in laying out the con- 
servation program and in scheduling 
the follow-up activities. 


Publicity 


The Commissioners of the District 
of Columbia issued a_ proclamation 
which read as follows: 


Whereas, the full prosecution of the war 
effort requires enormous supplies of arms, 
ammunition, ships, fuel, food, medical sup- 
plies and equipment for our own and our 
Allies’ use, and 

Whereas, to provide ample and continu- 
ous supply of these essential materials re- 
quires sacrifice and self denial on the part 
of the civilian population of our country in 
the use of these critically needed supplies, and 

Whereas, the United States War Produc- 
tion Board has inaugurated a broad con- 
servation program to effect savings in cri- 
tical resources, namely manpower, material, 
equipment and fuel; by reducing domestic, 
commercial and industrial use of coal, pe- 
troleum products, electricity, gas, water, com- 
munications and transportation, 

Now, therefore, we, the Commissioners of 
the District of Columbia, having full faith 
and confidence in the will and determination 
of the citizens and residents of the District 
of Columbia to co-operate in performing the 
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voluntary economies requested by our Goy. 
ernment, do hereby proclaim that beginning 
October 1, 1943, until further notice from our 
Government, it is considered in the national 
interest that all coal, petroleum products, 
electricity, gas, water, communications and 
transportation users residing or doing busj- 
ness in the District of Columbia, voluntarily 
conserve such use in every prudent manner, 


The aid of the general public and 
commercial concerns invoked 
through news items in the daily papers, 
Garden editors in their weekly columns 


gave advice on how to get along with ' 


the minimum use of water for gardens 
and lawns and urged that such use as 
was necessary be made during off- 
peak hours. A news item box on 
water conservation was carried monthly 
in the Board of Trade publication. 
The Washington Evening Star news- 
paper, with a daily circulation of 200, 
000 copies, was so impressed with the 
conservation effort that one of its edi- 
tors prepared an editorial on the sub- 
ject. For clarity and simple straight- 
forward presentation, avoiding any 
scarehead elements, this publicity was 
excellent and merits repetition here. 


DO NOT WASTE WATER 


The District's water supply is plentiful 
enough, for the minimum flow of the Poto- 
mac, even in ‘times of relative drought, is 
adequate to meet Washington’s maximum 
demands. Improvements in the supply sys- 
tem have increased the production capacity 
of filtered water, and even with such a 
record day's consumption—197,900,000 gal. 

as there was on Tuesday, the supply sys- 
tem is able to keep up. How long such peak 
loads could be sustained, however, without 
drawing too heavily on the reserves—which 
amount to less than a ‘day’s supply on the 
whole—is another question. The welcome 
rain of the past twenty-four hours will re- 
duce—even if only temporarily—the city’s 
tremendous thirst. There are other reasons 
than production capacity, however, which 
enter into the need for conservation. The 
supply of chemicals and other materials used 
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in purifying water, and their transportation, 
take away just so much from the Nation’s 
war production facilities. Every effort is 
being made not to tax them by wasteful use 
of water. Back in 1928 it was unlawful to 
sprinkle lawns or wash down the streets ex- 
cept during certain hours. Such prohibitions 
have not been necessary in recent years. 
By careful use of water, they can be avoided. 


Radio was not used for publicity 
purposes as for the time being it is 
planned to utilize this medium only 
for emergencies or when a critical sit- 
uation arises. 

Since there were no general funds 
that could be drawn upon to bear the 
expense of sending out printed matter, 
it was necessary to concentrate on a 
single widespread effort of this na- 
ture, requiring only a moderate ex- 
penditure. The sticker illustrated in 
the figure was prepared. About 6,000 
were distributed for pasting up where- 
ever extensive use of water occurred 
and especially in wash rooms. The 
main effort, however, was the inclo- 
sure of the sticker with the May bills 
of the electric utility, the Potomac 
Electric Power Co. <A total of 227,- 
000 was thus placed in the hands of the 
general public and business establish- 
ments. In addition these stickers were 
inclosed with the Water Registrar’s 
correspondence in the District of Co- 
lumbia and with the water bills in 
Arlington County, Va. Real estate 
agents asked for some 2,500 additional 
stickers to give to tenants of their 
properties. 

Individual letters setting forth the 
means whereby water could be con- 
served were written to many organiza- 
tions. Among these were the Citizens 
Association, 58 letters; civic associa- 
tions, 22 letters; trade organizations, 
such as hotels, laundries, restaurants, 
manufacturers, building associations, 
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utility companies, and large users; 
federal agencies, 24 letters. 
led 

Physical Aspects 

The attack on the visible and physi- 
cal sources of water use took many 
different directions and also resulted 
in a rejuvenation of existing practices 
which for lack of necessity had not 
been so actively pursued in recent 
times. First to secure attention were 
the public display fountains and then 
in order came the check of automatic 
flushing, abandoned services, air-con- 
ditioning, street flushing, etc. The Dis- 
trict Water Department, with funds 
made available, resumed its pitometer 
surveys, to locate leaks or waste in its 
distribution system. This resurvey, 
however, is only 10 per cent com- 
pleted at this date. Another step by 
the District Water Department was 
an accelerated program of meter in- 
spections and repair which was made 
possible with additional funds becom- 
ing available for the purpose. War- 
time restrictions have prevented ac- 
complishment of the desired meter 
rehabilitation program, but a very sub- 
stantial amount of meter work is being 
completed this year. The Washington 
Aqueduct System instituted a special 
program of inspecting hydraulic valves, 
glands on pumps, use of bearing 
cooling water, transmission mains for 
waste and leakage, and surveyed its 
reservoirs to ascertain if there existed 
undue leakage. Arlington County 
scheduled night flow tests to detect 
possible distribution system leakage. 

A method of securing notice of leaks 
was instituted whereby the inspectors 
of the health department and building 
inspector’s offices in their tour of duty 
reported all observable leaks. For this 
the following form was used: 
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WATCH WATER WASTE 


Water is being needlessly lost as indicated 
below: 


2. Leaking bath faucets............ ....... 
_ 3. Leaking lavatory faucets........ ........ 
ag Leaking water closets. 

Leaking hose bibs. 
6 Leaking piping. 
7. Leaking hot water tank. 
8. Other evidence of leaks. . 


Please have necessary repairs made right away! 
Many critical resources, vital for war needs, 
are required to produce the water to use so— 
SAVE ALL YOU CAN. It will help the war 
effort and may save you money too. 


The water department thereupon in- 
vestigated the reported trouble and 
instituted measures for corrective ac- 
tion. A carbon copy of the check-list 
was left with the occupant of the 
premises. The reverse side of the 
check-list showed the quantity of water 
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In addition, the police department 
submitted daily reports of leaks of 
other special water conditions observed 
by its patrolmen and these conditions 
were similarly investigated. These 
various reporting measures, while ef. 
ficacious, have only been in force for 
a short period of time so that the full 
results are not yet evident. 


Response to Campaign 


The responses to these various ap- 
peals for the conservation of water 
were most encouraging. The public 
reaction was reflected in an indirect 
way, some of which was quite amus- 
ing. Husband and wife have been 
overheard arguing about which one 
was wasting water. Numerous re- 
ports of leaks were received. Some 
federal agencies switched over from 
non-recirculating air-conditioning sys- 
tems to closed system cooling. Utili- 
ties and other larger consumers made 
surveys of their heating and power 


120 drops per minute 
wastes 
429 gallons 


STOP WASTE 
CUT “EXCESS” BILLS 


USE WATER WISELY 


Don’t let water fixtures leak— q 
whether it be a Drip or a Deluge 
Stop wasteful habits— 
such as letting water run unattended 


Use what you need when you need it, then- 
TURN IT OFF 


Water is a manufactured product. The electricity, chemicals, 
fuel, other critical resources and manpower required for its puri- 
fication and distribution must be conserved for vital war uses. 


COMMISSIONERS’ COMMITTEE ON CONSERVATION OF CRITICAL RESOURCES 


SUB-COMMITTEE ON WATER 
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plants. One of these surveys disclosed 
condensate being run to waste in con- 
siderable quantities. Corrective action 
got only saved water but fuel as well. 
Arlington County restricted the water- 
ing of lawns. Out of 3,500 abandoned 
services, 915 were checked and quite a 
sumber of persisting leaks were elimi- 
gated, but this work did not cover a 
full year. 

Several anonymous communications 
enlivened an otherwise rather prosaic 
aampaign. One signed “A Nobody 
Old Maid” was as follows: 


Dear Sirs—How come?—We are warned to 
not waste water? No fountains running 
again this summer, very little watering of 
public parks,—yet hundreds of thousands of 
gallons wasted by huge water wagons flush- 
ing sts., even Sousa Bridge? Our st. washed 
twice in one day recently, several times since, 
even tho it is swept 2 or 3 times weekly. 
Sewers must be flushed occasionally, of 
course; but that does not take anywhere 
near the great wastage of water merely 
watering sts. Also,—can’t your Dept. clamp 
down on Fed. Govt. offices flushing side- 
walks every morning, sometimes oftener? 
Places where grass is three ft. high, in front 
of such offices, around three in pavement,— 
because they have had all that water? Fill- 
ing stations are in this class also. 

Looks like the Water Dept. and St. 
Cleaning Dept. should cooperate in use of 
water, also all public and pvt. places. I’m 
only a Nobody Old Maid, no matter who. 


While the conclusions are those of a 
layman unacquainted with the reasons 
or correct facts, yet the implications 
and the interest shown were such that 
the sub-committee took steps to secure 
such corrective action on the matters 
mentioned in the communication as 
were deemed feasible. 

Another communication worth re- 
peating was as follows: 

How come sixth street gets watered every 


night? And I mean every night, even when 
it's pouring rain! Will you kindly tell the 
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damn fool who's behind it to lay off. If 


wants to be generous with the city’s water, 
tell him to go water the river. It’s been 
looking pretty dry. We got enough! 


This caused the sub-committee to 
consider such use of water. Since re- BY m4 
striction of critical materials had al- 7 m4 
ready curtailed the use of street flush- 
ing equipment so the water use was — 
reduced from 600,000 gpd. to 375,000 
gpd., the health department was of 
the opinion that for health and sani- | 
tary reason the program should not be 
further reduced until the situation be- 
came more critical. 

Quite a few public responses par-— 
took of the tattle-tale and sniping char- — 
acter, which had to be handled diplo- __ 
matically. In one case a tenant was | 
able to secure the replacement of an 
inoperative hot water boiler which had _ 
nothing to do with the conservation 
of water. 


To evaluate the results of the con- 
servation program, some basic con- 
siderations must be presented. 
According to recent informal esti- 
mates of the Census Bureau, Washing- 
ton is the eighth largest city in the 
United States, and by reason of the _ 
territory supplied with water, the sup- | 
ply system takes on a metropolitan — 
district aspect, because, in addition to 7s 
the District of Columbia, all of Ar- e 
lington County, Va., and a limited 


area in Maryland are served. The _ 
population thus supplied was, in 1940, | 
according to the Census, 720,000. In _ 
the fiscal year ending in 1941, the _ 
population was estimated to be in 
000; in 1942, 855,000; in 1943, 913,- — : 
500; and this year (1944), 996,000. A 


The present population (November _ 


1944) is estimated at 1,021,000. The © 
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famous Pentagon Building, which alone 
has a working population of over 30,- 
000 persons, is located in Arlington 
County. The government worker 
population reached a peak of 285,000 
persons in 1943 and, while it is some- 
what less today, little decrease in the 
over-all population is evident. 

During the past summer, for in- 
stance, large numbers of college and 
high school students, as well as teach- 
ers, were employed by the federal gov- 
ernment. Many have not resumed 
their studies. The size of the military 
population is one of great uncertainty. 
Whether located in the District of 
Columbia or in the Virginia environs, 
it secures its water from the Washing- 
ton water system. While some mili- 
tary units have been deactivated, many 
others have experienced considerable 
growth as in the case of the WAVE, 
WAC, SPARS, and Marine Corps 
Women’s organizations of the armed 
forces. 

All of the civilian war agencies ex- 
perienced many changes in personnel 
with the fluctuation of the war effort. 
While some have decreased, others 
have grown tremendously. With the 
continuance of war activities now for 
three years at the seat of the govern- 
ment, there also has been a noticeable 
change in character and habits of that 
population, both civilian and military, 
as, for instance, from crowded down- 
town quarters to residential areas. 

If the population has increased, a 
saving has been accomplished, but there 
is no yardstick whereby this is meas- 
ured. While there has been a decrease 
of 9,600 federal workers from July 
1943 to July 1944, there is no means 
of ascertaining that the ratio of the 
supporting population (service func- 
tions, etc.) to federal workers has not 
replaced the federal workers loss or 
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even that the ratio of the supporting 
population to the federal worker ha 
increased. An attempt to estimate the 
population by a B.O.D. equivalent was 
made but the variables not only jp 
character but in the amount of sewage 
treated were such that this method had 
to be abandoned. 

The water consumption in the na 
tional capital and environs experienced 
a tremendous growth by reason of the 
centralization of war activities at the 
seat of the government. Some meas. 
ure of this is evident from the tabula. 
tion below: 


fad 

Fiscal Average Maximun 
Year gal. gal, 
Ending per per 
June med. capita med. Capita 
1941 113.8 147 159.2 194 
1942 123.3 140 157.8 187 
1943 129.9 142 185.8 194 
1944 141.1 141 188.8* 196 

*Maximum day, July 11, 1944—200.17 


med. 


Results of Conservation Campaign 


The constant change that the popu- 
lation of the nation’s capital is under- 
going makes difficult the evaluation of 
savings in water from the above figures 
on consumption. To arrive at some 
idea of conservation accomplishments, 
two means were available for analy- 
One of these was centered on 
specific surveys and corrective meas- 
ures, and the other was the response 
of public agencies and the general pub- 
lic. 

Since no definite figure for popula- 
tion growth subsequent to the census 
of 1940 is available as a measure of 
conservation results, recourse must be 
had to other means for establishing 
water savings. Of the varied efforts 
made toward conservation, those listed 
in the following table have been iden- 
tified and in the main measured : 
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ceived as a result of the publicity, and 
the concerted effort of federal estab- 
lishments and other large users. 


Summary 


With a minimum of expenditures 
there has been secured an estimated 
saving of 4,445 mil.gal. per year. 
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Estimated 
Total 
mil. gal. 
med. for Year 
Abandoned services...... 0.049 17.885 
Visible leaks. . : ... 0.480 175.200 
Invisible system leaks.... 0.260 94.900 
Pitometer surveys....... 0.907 331.055 
Horse troughs........... 0.263 95.995 
Fountains. 0.319 47.938 
Automatic Gushers.. . 0.300 109.500 
Street flushing reduc ed 0.225 33.75 
Leaks corrected through eid 
check-list report (esti- 
Air-conditioning (change- 
over to re-circulating).. 0.156 33.450 
Corrective measures on 
meters and metering 
. 0.415 151.475 
b. 0.483 48.300 
Survey of heating systems. 0.100 18.000 
It is considered that conservation of 
water in a much greater degree than 
the above positive measured savings 
has been effected. Practically every 
consumer was made to some extent 
“conservation conscious” and without 
question heeded some of the admoni- 
tions about leakage and waste. An 
estimate of the unrecorded water sav- 
ings that resulted from the correction 
of leaking facilities, reduction of lawn 
and victory garden sprinkling, volun- 
tary rationing, etc., is conservatively 
placed at 9 mgd. This is based on 
general observation, comments re- 


IN WASHINGTON, D.C. 
There has been caused a_ public 
awakening with respect to needless use 
of water and the expense of leakage. 
The results attained have led to a 
proposal to continue not only during 
the war period, but on a permanent 
basis thereafter, the work of the sub- 
committee on the Conservation of 
Water to maintain not only the gains 
that have been secured, but to strive 
for even greater water savings. 
The efforts of the sub-committee 
have stimulated and encouraged the 
continuance of efforts for better oper- 
ating practices. In the distribution 
division of the water system this is 
toward additional and continued leak 
surveys and meter rehabilitation. In 
the supply branch a more concerted 
effort is being made toward the posi- 
tive increase of about 30 to 40 mgd. in 
sustained capacity above the previous 
rated capacity, at only a fraction of the 
cost of providing equivalent capacity 
through new construction. Thereby 


present low operating costs will be 
maintained. 
New major construction will un- 


doubtedly be required in the near fu- 
ture so that it is reasonable to expect 
that rates for water delivered to the 
consumer cannot remain the same. 
Meanwhile conservation will help to 
hold the water rates at the present low 
level. 

All in all, the conservation cam- 
paign has been interesting and most 
fruitful, and the ground work has been 
laid to continue this beneficial work in 
the future. 
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REPORT of the Water Conserva- 

tion Program of the Philadelphia 
Metropolitan Area for the years 1941- 
1943 appeared in the April 1944 issue 
of the JournaL. At that time the 
mayor had appointed a committee for 
the year 1944 on the Conservation of 
Critical Resources and the Philadel- 
phia Bureau of Water carried out the 
following program: 

(1) The pitometer leak and waste 
survey, including inspections and re- 
pairs was continued. To date the sur- 
vey has discovered 30 mgd. with 90 per 
cent of the survey completed (Table 1). 

(2) Pressures were regulated to 
prevent excessive waste of water. 

(3) Routine hydrant inspections 
were made every quarter instead of 
semi-annually. 

(4) Police supervision was exer- 
cised on hydrant usage. 

(5) The water bureau supervised 
water usage for victory gardens. 

(6) During the year the Bureau 
continued to call to the attention of the 
consumers, through the newspapers, 
the importance of the continued sav- 
ing of water so that a shortage would 
not occur. 

During the past summer in Phila- 
delphia there were 31 continuous days 
of 90° temperature or over. The 
maximum day for 1944 occurred on 
July 12 when 387.4 gal. were con- 
sumed. The average of the maximum 


Water Conservation in Philadelphia 


By Martin J. McLaughlin 


Chief, Bur. of Water, Philadelphia, Pa. 
Presented on Nov. 10, 1944, at the Four States Section Meeting, Philadelphia, Pa. 


days for the first nine months was 
353.1 gal. The average daily con- 


sumption for two-thirds of the year, 


was 328.4 gal. All these figures are 


based on supply to the distribution | 


system. 

Figures alone do not represent the 
true saving because they do not reflect 
the tremendous demands for more 
water during the war emergency period 
due to increased war industries, war 
housing and war employment. 

Essential water requirements each 
year have been increasing rather than 
diminishing. For example, it is esti- 
mated that the industrial demand for 
water in Philadelphia is now 25 per 
cent greater than it was in 1941 and 
that the influx of war workers has 
brought an additional 250,000 water 
users into the city. 

Under normal conditions of water 
use, this would result in 45 mgd. 
greater demand. A total of 375 mgd. 
during the month of June would thus 
have been required. However, the 
stoppage of leaks and the termination 
of wasteful practices, such as excessive 
lawn and garden sprinkling, street 
showers and the like actually resulted 
in the decrease indicated. 

If these results illustrate that the 
“habit” of water-watchfulness, of 
water-consciousness, has been acquired 
by the citizens in the Philadelphia 
Metropolitan District, they are more 
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When Present Contract is Completed the Survey Will Cover 80 Per Cent of the System 
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than acceptable. If they portend only 
an immediate response to a_ public 
service campaign on water conserva- 
tion they should be viewed merely as 
a hopeful warning. 

Wasteful water practices reach their 
most severe effects during July and 
August when the demands for water 
for home usage reach their highest 
yearly peaks; when industrial use of 
water for war purposes will rapidly 
rise; and when the burden placed upon 
the water supply filtration and dis- 
tribution systems of the operating com- 
panies is greatest. 

The practice of thrifty water use by 
each citizen must go on if an increas- 
ingly severe strain on the water supply 
systems of the Philadelphia Metropoli- 
tan District is to be avoided, with all 
of the risks attendant upon break- 
downs in mechanical equipment, and 
resultant inadequacies in water supply 


why 


WATER CONSERVATION 
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for wartime purposes and the protec- 
tion of public health. 

The cost of the water conservation 
program in the Philadelphia Metro- 
politan District did not exceed $5,000, 
exclusive of the personal services in- 
volved, which were absorbed by the 
sponsoring and directing organizations. 
No additional personnel was employed 
for this campaign. The printing of 
posters, window cards, and _ leaflets 
was the only item of major expense. 
The city of Philadelphia was responsi- 
ble for the cost of all material used 
within the city. The printing costs of 
the literature and poster displays used 
in the outlying four counties were un- 
derwritten by the major water com- 
panies servicing those areas. 

Without such conservation efforts, 
the city of Philadelphia could not 
possibly meet the great demands placed 
on its system during the emergency. 
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Y HILE making some tests on a 4- 
in. single-entry, single-stage cen- 
trifugal pump recently, the author 
noticed that the pump was not giving 
its rated discharge and examined the 
suction conditions as a possible cause. 
The pump has a foot valve of a rela- 
tively cheap type but one commonly 
sold for this purpose (Fig. 1). The 
opening through the seat is only 34} 
in. in diameter, as shown, and the flap 
valve is made of a piece of ordinary 
leather } in. thick, to which is attached 
an iron disc 444 in. in diameter and | 
in. thick. Although this leather has 
been in water for months, it is in good 
shape but is somewhat stiff. The 
openings in the strainer consist of 65 
holes of ;s-in. diameter and 22 slots 
14 in. X 35; in. These were smoothed 
out a little before the tests were made. 
In the test, the strainer was well be- 
low the surface of the well, but suction 
gage readings were made on a mercury 
manometer attached to the 4-in. suction 
pipe 13 in. above the well level. This 
connection was 15.5 in. below the cen- 
ter line of the pump. 

Figure 2 shows the results of a care- 
ful test on the pump with the foot 
valve and strainer in use and with the 
leather seat and everything below it 
removed. The loss in the 2-ft. length 
of suction pipe is very small and the 
suction gage reading in Fig. 3 includes 


Foot Valves on Centrifugal Pumps 
By Robert W. Angus 


- Prof. Emeritus of Mech. Eng., Univ. of Toronto, Toronto, Ont., Can. 
- Presented on Apr. 21, 1944, at the Canadian Section Meeting, Niagara Falls, Can. 
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the 13-in. elevation, the velocity head 
in the pipe and the losses in the pipe, 
foot valve and strainer. These losses 
are almost unbelievably large. The 
suction gage reading is 16.5 ft. at a 
pipe velocity of 10 fps. At the rated 
pump discharge, the pipe velocity is 8.5 
fps. and the suction gage reading is 
13.1 ft. 

That the suction losses affected the 
output of the pump is clearly indicated 
by the tests shown in Fig. 2. The 
author does not claim anything special 
for the pump, but it is a well-made one 
and gives good efficiency under medium 
suction lifts. Some pumps would not 
be much, if any, affected by the suction 
lift noted here. 

Suction readings were then taken on 
a 3-in. high-lift pump on which the 
suction pipe has the foot valve and 
strainer, shown on the left of Fig. 1. 
The suction pipe consists of 6 ft. of 
3-in. pipe with a long-radius, 90-deg. 
screwed elbow 8 in. from the pump 
flange. Details of the strainer and 
valve are shown, and the suction gage 
was on the pump flange, but its read- 
ings were corrected to the center line 
of the pump which was 7 in. above the 
gage connection, while the latter was 
3.67 ft. above the well. 

Readings on this suction gage were: 


Pipe Velocity, fps. 
Gage Reading, ft. 
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Fic. 2. Effect of Suction Losses on Output 
of 4-in. Single-Entry Low-Head Pump 


The rated pump capacity corre- 
sponds to a suction pipe velocity of 9.4 
fps. The losses in this case were rela- 
tively lower and the leather in the 
valve appeared softer than in the 4-in. 
valve but they were of equal thickness. 

These results are only intended to 
show how serious an effect a foot valve 


* 


Fic. 3. Suction Gage Readings on 4-in, 
Single-Entry Low-Head Pump With Foot 
Valve and Strainer on Gage on 4-in. Pipe 
13 in. Above Well 


may have. Where possible it should be 
omitted and a bell mouth entrance 
should be made on the inlet of the suc- 
tion pipe ; priming may then be done by 
such a device as an ejector, or by a 
small motor-driven vacuum pump 
which may be connected to all pumps 
in the station. 
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Desion and Construction of Prestressed werd 


Concrete Tanks 
By R. C. Kennedy 


Asst. Chief Engr. and Asst. Gen. Mgr., East Bay Municipal Utility Dist., Oakland, Calif. 
Presented on Oct. 25, 1944, at the California Section Meeting, Los Angeles, Calif. 


NE of the outstanding develop- 

ments of recent years in the field 
of water works engineering has been 
the prestressed concrete tank or reser- 
voir. 

The basic idea of prestressing is to 
place the walls of a circular vessel 
under sufficient compression by tight- 
ening of bands before filling with a 
liquid, so that when filled there will be 
no tensile stress in the vessel walls. 
By so doing, the vertical cracks that 
would form at joints and at other loca- 
tions due to tension are prevented, 
with the result that leaks and un- 
sightly stains are avoided. This is 
precisely what has been done for cen- 
turies in the case of wood-stave tanks 
and wooden barrels, the swelling of 
the wood when wet being in these cases 
a factor in the tightening of the bands. 

The earliest record that the author 
has found of the prestressing of cy- 
lindrical concrete structures is a patent 
issued to C. R. Steiner in 1908. Stein- 
er’s principal object as stated in his 
patent claims was to avoid the shrink- 
age cracks that would otherwise occur 
as the concrete hardened. In 1914 a 
patent was issued to George Rae, cov- 
ering the banding of a cylindrical con- 
crete structure by means of a con- 
tinuous spiral wire wound on under 
tension, and placing it under high tem- 
perature was suggested as a means of 


creating additional tension as the metal 
cooled and contracted. 

The idea of placing the tank side- 
wall on a flat foundation slab so that 
it could slide thereon, and filling the 
annular space between wall and floor 
with a mastic material, was patented 
in 1915 by M. Mueser. In 1922, Wil- 
liam S. Hewett secured a patent on the 
coating of round prestressed bands 
with cement mortar as a protection 
against corrosion and to form addi- 
tional bearing for the bands against the 
vessel’s walls. To the author, the im- 
portant contribution made by Hewett 
in this field appears to have been his 
very effective efforts in the education 
of water works men to the great ad- 
vantages of the prestressed concrete 
tank over the massive, expensive and 
frequently leaky concrete structures 
generally used theretofore, and the de- 
velopment of many practical features 
in design and construction. As a re- 
sult, prestressed concrete tanks are 
popularly known as “Hewett tanks,” 


and the credit is well deserved. 7 


Advantages and Disadvantages 


With due recognition of the im- 
portance of other types of tanks, which, 
because of various inherent features, 
are in many situations the only prac- 
ticable solution of storage problems, the 
following may be stated as the char- 
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acteristics of prestressed concrete tanks 
that have gained popularity for this 
type of construction: 


1. High degree of water-tightness. 

2. Permanence, with low cost for 
upkeep. 

3. Adaptation to architectural treat- 
ment. 

4. Adaptation to partial or complete 
burial underground. 

5. Simple and accurate determinacy 
of stresses. 

6. If properly constructed, high de- 
gree of resistance to damage from 
earthquake action. 

7. Minimum of critical materials in- 
volved. 


On the other hand, the principal un- 
desirable characteristics of prestressed 
concrete tanks are: 


1. Relatively high first-cost as com- 
pared with wood or steel tanks. 

2. Impossibility of removal to an- 
other site if desired. 

3. Relatively great weight to sup- 
port if tank is to be of elevated 
type. 


In many localities, as in the case of 
the East Bay cities, rugged topography 
makes storage facilities necessary in 
residential areas. The adaptability of 
the concrete structure to being par- 
tially or entirely covered with earth 
makes this type of reservoir acceptable 
where other types might engender 
great resistance from the neighboring 
property owners. However, even 
where the structure must be placed 
above ground, it can be treated archi- 
tecturally to fit into the most fastidi- 
ous residential surroundings. Where 
tastes run to the modern in design, 
little needs to be done other than to 
follow structural requirements. To 
date the district has not encountered 
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HALF ELEVATION 


HALF DIAMETRAL SECTION 


Fic. 1. Half Section, Half Elevation of 
1-mil.gal. Reservoir 


any serious resistance to the use of 
these tanks in any area. 

Few engineering structures lend 
themselves to so accurate a determina- 
tion of stresses as does the concrete 
tank, prestressed (Fig. 1). The free- 
dom of the floor slab to expand and 
contract independently of the founda- 
tion ring obviates or greatly decreases 
the cracks that would occur in a re- 
strained slab. With proper division 
of the slab into separate units of moder- 
ate size, cracking will not occur. 

The tank walls are entirely free to 
“breathe” with changes in internal 
pressure, but if the joint with the floor 
is properly designed to permit such ac- 
tion, no disturbance of the water-tight- 
ness can result. 

The great stability of the tank as a 
whole makes possible an unequal earth- 
fill against its walls, but particularly in 
large-diameter tanks the danger of dis- 
tortion makes such practice hazardous 
unless the local stresses in the walls 
are carefully analyzed and proven to 
be within safe limits. The accompany- 
ing photograph (Fig. 2) of the dis- 
trict’s Montclair tank, 93 ft. in diame- 
ter and 33.5 ft. high, illustrates, how- 
ever, what can be done in this direc- 
tion. The convenience of such prac- 
tice in hillside construction is obvious. 

The cylindrical shape of a prestressed 
tank renders it essentially stable 
against the lateral forces resulting from 


earthquake action, but only if proper 


a7 


37 
| 
— 
: 
| 
9276 
| 
! 
i & 


V ol. 37 


n of 


se of 


lend 
nina- 
crete 
free- 
and 
inda- 
eases 
a re- 
‘ision 
oder- 


ee to 
ernal 
floor 
h ac- 
ight- 


as a 
arth- 
ly in 
 dis- 
dous 
walls 
n to 
any- 
dis- 
ame- 
10W- 
irec- 
yrac- 
ious. 
ssed 
table 
‘rom 
oper 


Jan. 1945 


attention is devoted to the develop- 
ment of tangential shear between the 
foundation ring and the walls. Radial 
grooves for this purpose are utilized by 
the district, and are described herein. 

Because of the advantages of this 
type of structure, the East Bay Mu- 
nicipal Utility District has already con- 
structed twelve prestressed tanks. The 
largest has a 3.5 mil.gal. capacity and 
is 160 ft. in diameter ; three others are 
130 ft. in diameter and have a capacity 
of 3 mil.gal. each. The remaining 
tanks range from 1.5 mil.gal. down to 
200,000 gal. All have proven to be 
completely successful, and all that have 
been built by the improved methods 
described hereinafter are bottle-tight. 
The district’s postwar plans include 
the construction of additional pre- 
stressed tanks with a total capacity 
of 12 mil.gal. 


Typical Structural Details 


In the construction of tanks of vari- 
ous sizes by the East Bay Municipal 
Utility District, valuable experience 
was gained through difficulties, par- 
ticularly with the earlier structures. 
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Improvements were made until there 
has been developed a technic of design 
and construction that yields uniformly 
satisfactory results, with economy of 
cost. Still further reduction of cost 
will no doubt be accomplished with im- 
provements in materials, particularly 
in the strength and machining quali- 
ties of steel. 

An example of the possibilities in 
the steel bands is the use of wire- 
wound construction by the Preload 
Co. Drawing of the steel greatly in- 
creases its strength, so that a com- 
mercial grade steel wire of 0.14-in. di- 
ameter has an elastic limit of 185,000 
psi. When wound on the tank at a 
prestress of 150,000 psi., the builders 
claim a reduction of 75 per cent in the 
quantity of steel required, as compared 
with the construction using a similar 
steel in large rods. 

Following is a description of the 
structural details utilized by the East 
Bay Municipal Utility District in its 
latest prestressed tanks and reservoirs. 

The foundation ring is poured en- 
tirely separately from the floor slab 
in order to afford the highly desirable 


2. Montclair Reservoir—1.5 mil.gal. 
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freedom to the latter of expanding and 
contracting without cracking. The 
method of doing this is shown in Fig. 
3. Although the floor is not attached 
to the ring, it is firmly locked to it, 
and only minor relative vertical motion 
is permitted. In early structures, the 
space between wall and floor slab was 
filled with a mixture of sand, cement 
and iron dust. Oxidation of the iron 
tends to cause swelling and sealing of 
the joint. However, the wall move- 
ment due to changing pressures con- 
tinually breaks this seal and slight leak- 
age usually results. All later tanks 
have only the lower part of the joint 
filled in this manner, the true seal being 
in the form of a 14 X 2-in. pure gum 
rubber strip compressed between gal- 


Fic. 3. Sections Showing Details of Joints 


vanized steel half-ovals through which 
2-in. bolts are placed at 6-in. intervals, 
as shown in Fig. 3. In this way, the 
movement of the walls is permitted 
without leakage. The foundation ma- 
terial under both ring and _ slab is 
sprayed with emulsified asphalt be- 
fore the concrete is poured, to prevent 
absorption of moisture from the mix. 
The ring is reinforced by four 8-in. 
round circumferential bars, tied by 3- 
in. round radial bars, 12 in. center to 
center. No joints are provided in the 
ring, and hence radial cracks will form 
at random. The surface is finished 
with a steel trowel to produce a low 
degree of friction under the wall area. 
Radial grooves as shown are provided 


to produce tangential shear resistance 
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as 
BAND COUPLING INSTALLATION 


‘ Fic. 4. 


and annular grooves are utilized to 
avoid relative vertical movement be- 
tween wall and floor slab. 

The floor and walls are of concrete 
containing six sacks of cement per cubic 
yard, producing a 28-day strength of 
about 3,500 psi. Great care is taken 
in placing and vibrating the mix, so 
that the maximum density is produced. 
Interior joints in the floor are 1} x 14 
in., as shown in Fig. 3, spaced at about 
40-ft. intervals. Just prior to filling 


the reservoir, the joints are filled with 
a latex and oil compound consisting 
of 19 parts by volume latex, 66 parts 
oil, 6 parts Portland cement and 5 
For good 


parts sulfur, mixed hot. 


Details of Tank Bands 


COUPLING BEAN 


bond of the material, care is taken to 
have the joint strictly clean and dry 
before pouring. The floor slopes 
slightly toward the drains and the sur- 
face is troweled to a smooth finish. 
All lower outlets are made through the 
bottom slab and not through the wall. 

The side walls are poured con- 
tinuously from bottom to top, and in 
lengths of 30 to 40 ft. Light rein- 
forcing is provided, consisting of §-in. 
round bars spaced 12 in. center to cen- 
ter vertically and 4-in. round bars 
spaced 18 in. center to center hori- 
zontally. Steps of 2 in. are made on 
the inside surface to increase the thick- 
ness as required, the minimum thick- 
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ness being 6 in. The forms are of 
#-in. waterproof resin-glued plywood, 
4 ft. wide by 8 ft. long. 

The concrete is poured in lifts not 
over 8 ft. through temporary openings 
in the forms and vibrated with great 
care. Any honeycomb that still oc- 
curs must be repaired thoroughly. Al- 
ternate panels are first poured so as to 
minimize the contraction space at the 
vertical joints. 

At each vertical joint a recess 4 in. 
deep and 8 in. wide is provided in the 
inside surface. This is plastered with 
a thick mortar made of one part iron 
dust to two parts cement after the 
bands are fully tightened. 

When the walls are not less than ten 
days old, the bands are placed. In 
early tanks round rods with turn- 
buckles were used. Many practical 
and expensive difficulties were encoun- 
tered with this system. The bars had 
to be assembled in advance in strings 
long enough to reach around the struc- 
ture, carried by men into position, and 
held there until tightened enough to 
support the band by friction. In our 
largest reservoir, this would have in- 
volved over 500 ft. of bars, and a large 
crew of men to carry them, this group 
being idle a large part of the time. 
Also, the rods had a tendency to roll 
while the turnbuckles were being tight- 
ened, which made necessary other men 
with Stillson wrenches to hold them. 

A decided improvement in technic 
has been developed by the district to 
prevent this waste of manpower. Ver- 
tical steel beams built up from plates, 
as shown in Fig. 4, are now being 
utilized. Holes for the bars are pro- 
vided at the exact spacing required, 
and three men can place and tighten 
all of the bars, with efficient use of 
their time. It is found that square 
bars are better than round ones, since 
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i Fic. 5. Band Assembly 


they provide good bearing on the con- 
crete walls and do not roll when tight- 
ening. The torque required on a nut 
being less than that on a turnbuckle, 
the effort in bringing the bars to the 
presently-used high stress is materially 
decreased. A washer is used and the 
threads are lubricated with a heavy 
grease. 

In tightening the bands to the final 
prestress, it is necessary to go over 
them at least three times, since increas- 
ing the pull on one band will slacken 
somewhat the stress on its neighbors. 
The amount of final torque is limited 
by use of a special wrench designed 
for this purpose, which shears a six- 
penny copper nail when the force ex- 
erted on the wrench is the maximum 
required. 

During the tightening process, at 
least one man hammers vigorously on 
the bar along its full length to keep it 
moving, and to force it into intimate 
contact with the concrete wall. If this 
work is not thoroughly done, the fric- 
tion against the concrete will prevent 
a uniform stress. Extensometer tests 
have proven that a practically uniform 
stress results if proper technic is fol- 
lowed (Fig. 5). 

The allowable tension in the steel 
will depend upon the quality of the 
metal used. Ordinary carbon steel, 
such as is used for structural purposes, 
has an elastic limit of about 30,000 
psi., and should not be stressed higher 
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than 20,000 psi. Economy dictates 
that an alloy steel of much higher 
strength be used, however, the only 
limit being its workability in upsetting 
and threading. In all recent tanks a 
manganese steel containing about 0.85 
per cent of the alloy and 0.40 per cent 
carbon has been used. This results in 
an elastic limit of approximately 65,000 
psi. and ultimate tensile strength of 
about 100,000 psi. This steel is 
stressed to 40,000 psi., including about 
5,000 psi. allowance for possible swell- 
ing due to saturation. The concrete, 
although having a test compressive 
strength of at least 3,500 psi., is stressed 
to only 500 psi. This precaution ap- 
pears to be in order, particularly in 
large diameter tanks, in view of the 
thinness of section and the possibility 
of buckling of the walls. 

As the bands are tightened, wire ties 
are placed under them, and these are 
used to attach a 4 X 4-in. x 13-gage 
welded wire mesh over the entire area 
to act as reinforcement for the 2-in. 
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gunite coating applied over the sur- 
face. In tanks whose depth is such as 
to require two layers of steel bands, the 
first layer is stressed sufficiently above 
normal so that with the addition of a 
second layer over the gunite coating, 
the stress will be reduced to that as- 
sumed in the design. This is dis- 
cussed later herein. 

Scaffolding is built both inside and 
out, with operating platforms at 8-ft. 
intervals. Form ties are the standard 
rod-and-cone type, the holes being 
firmly calked with cement after the 
forms are removed. All exposed con- 
crete surfaces are cured with Hunt 


Process after pouring. . 


In tanks having a domed roof, extra 
bands are provided around the top. In 
a 93-ft. diameter tank the dome is a 
spherical segment of 97-ft. 9-in. radius, 
and rises 10 ft. { in. above the side 
walls. The thickness is 3 in., and six 
bands are required to support it. The 


Roof Structure 


Fic. 6. Roof Framing, Burdeck Reservoir—1.5 milgal, 
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Fic. 9. Carisbrook Reservoir—3.5_ mil.gal, 


Fic. 8. Joaquin Miller Reservoir—3 mil.gal. 


top bands are not fully tightened until 
the dome has cured for at least ten 
days. Tightening at this time raises 
the dome slightly from the forms, and 
greatly facilitates their removal. 

The forms for the dome are of 1 X 6- 
in. boards, supported on radial joists 
whose upper surfaces were cut to the 
proper curvature. The boards are ap- 
plied as shown in Fig. 6, and are rela- 
tively easy to lay as compared with 
radially-placed boards over parallel 
joists as was previously the practice. 
A screed is pivoted at the center and 
rolls on the top of the tank walls for 
accurate setting of forms and later gag- 
ing of concrete thickness. The roof is 
reinforced with 3-in. round bars spaced 
12 in. maximum radially and circum- 
ferentially. 


No. of Capacity 
Structures gal per mil. gal. 
2 200,000 $43,049 Gunite construction, dome roof 
1 750,000 35,610 Dome roof 
1,000,000 to 1,500,000 30,336 Dome roof 
3 3,000,000 22,956 Flat slab roof 
3,500,000 26,622 Flat slab roof, heavy excavation 


records of twelve structures. " 

Average Cost 
Remarks 


Fic. 10. Berkeley View Reservoir—1 mil.gal, 

Tanks of more than 93 ft. in diame- 
ter, built by the district, have flat slab 
roofs designed in the standard manner, 
Esthetic considerations rather than 
construction difficulties have dictated 
the limitation of domed roofs to such 
sizes (Fig. 7, 8,9 and 10). 

A generous screened ventilator is 
mounted in the center of the roof, and 
an access manhole is placed at the edge. 


Costs of Prestressed Tanks 


All tanks and reservoirs of the pre- 
stressed type were constructed between 
1934 and 1942. Some were built by 
the district’s own forces, some by 
WPA labor and one by contract. The 
following figures are from the cost 
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The costs of those built by WPA 
labor were modified to represent as 
nearly as possible the figures that would 
have resulted if the work had been 
contracted. All figures are for the 
complete structures, including 
tion, backfill, fencing, overhead, etc. 


Basic Principles of Design 

The principles involved in the design 
of these tanks are very simple and the 
construction is such that the theoretical 
stresses are very close to the actual. 
When the tank is empty, the concrete 
wall must support all of the tension of 
the bands without exceeding the design 
limit, generally taken as 500 psi. 
When the tank is full, the concrete 
wall has its minimum stress, prefer- 
ably slightly above zero, and the steel 


bands receive their maximum tension. — 


Section of Horizontal Ring— 1 ft. 
high 


Fig. 11. 


Figure 11 shows the cross-section 
of a horizontal ring 1 ft. high imagined 
to be cut from the walls of a con- 
crete tank. The area of cross-sec- 
tion of one side of the ring is denoted 
as A,. The ring is encircled by steel 
bands, whose total area is Ay. The 
tension in the bands is adjustable by 
means of threaded nuts or turnbuckles, 
and they are now placed under an 
initial unit stress denoted as fe; so that 
the stress in the bands per foot of 
height will be Agfei. This will also 
create an initial stress in the concrete 
ring and, if f.; be taken to represent 
this initial stress, the total stress in the 
concrete ring will be 4.f-i. For equi-_ 
librium, 
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Aches + As fei 0, 


and hence 


A fei = A. fei 
or 
A, 
q =— (2) 


where /p is the ratio of steel area to 
concrete area. 

Now assume that the tank is filled 
with liquid whose weight per cubic 
foot is w. If the depth of the ring 
under consideration is d feet below the 
liquid surface, a uniform pressure of 
wd will be exerted against each square 
foot of its inside surface. The radius 
of this surface being r, the stress in 
each wall will be wdr (Fig. 12). 


Half Plan of Horizontal Ring— 


1 ft. high 


“i 


Fic. 12. 


. . 
Due to the liquid pressure alone 


(and not considering the initial stresses 
previously introduced), the stresses in 
the steel bands (f,) and in the concrete 
ring (f.) would be in proportion to 
their moduli of elasticity, that is, in 
the ratio of E, + E, which is generally 
represented by the symbol n. Thus 
the composite area of concrete and steel 
may be represented as an equivalent 
all-concrete area equal to (4A, + nAg) 
and the new concrete stress due to the 
liquid pressure will be 


wdr wdr 


(A.+mA,)  A.(1 + mp) 


(1) 
| 
a 
/ | | 
| 


Se =+fait 
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Correspondingly, the stress in the steel 
will be 


“(Ae +nA,) A-(1 + np) 


The combined stress in the concrete 
from the initial stress and the liquid 
pressure will be 


(4) 


wdr 


4 f. + 


and in the steel bands, 


nwdr 


© 


By use of these equations, the rela- 
tion of areas between the steel bands 
and the concrete may be determined 
for any position in the tank wall and 
for any allowable stresses. The con- 
crete should not be permitted to have 
less than zero stress when the tank is 
full, nor more than the maximum al- 
lowable when the tank is empty. The 
steel bands should be tightened to such 
prestress when the tank is empty that 
they will be stressed to the maximum 
allowable when the tank is full. 

The maximum stress in the concrete 
with the tank empty will be, from 
Equation (2), fei = — pfei. 

A factor that has been neglected in 
the above discussion is the expansion 
of the concrete walls due to water 
soaking that occurs later. A reason- 
able assumption of the change in the 
coefficient of expansion will be about 
0.0002 with a high degree of satura- 
tion. It is found that this creates an 
additional stress in the steel of about 
5,000 psi. Under the assumptions 
used in the design, this stress should 
be allowed for in the initial stressing of 
the bars if the vessel will normally 
stand full, 
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The usual limit placed on the cop. 
crete stress is about 500 psi. and it js 
recommended that this be adhered to, 
particularly in large tanks. For small 
tanks the designer may consider rais. 
ing f, to as high as 650 psi. or more, 
The expansion due to water soaking js 
usually found to increase the concrete 
stress by about 100 psi. 

Concrete of the high quality used for 
the walls will have a modulus of elas. 
ticity E, of from 2,500,000 to 3,500, 
000. Es, for all grades of steel will be 
close to 30,000,000. Thus n, which 
equals E,+ E, may range from 86 
to 12. An average value of 10 is com. 
monly used. 

The problem, then, is to vary the 
thickness of concrete from top to bot- 
tom of the tank and the spacing of the 
bars so that the allowable stress limits 
are obtained, both for the concrete and 
for the steel. The minimum thickness 
of wall at the top is generally taken as 
6 in. A thinner wall would be difficult 
to construct with adequate density be- 
cause of the space required for rein- 
forcing steel and the operation of the 
vibrator. In addition, the roof dome 
or slab must have proper support, 
which would not be provided by a 
thinner wall. The minimum spacing 
of the steel bands is taken to be 18 in. 
Theoretically the wall thickness would 
taper uniformly from top to bottom, 
but this would involve practical dif- 
ficulties in form construction and hence 
the thickness is increased by steps of 
2 in., these steps being on the inside 
surface only, in order that the bars 
that make up the bands will be of uni- 
form length. 

There is an obvious advantage in ac- 
complishing the banding in the lower 
areas of the tank with a single layer 
of steel bands. Regardless of the 


« 
‘ 
| 
it 
“| 
ae 


Vol.37 


1€ Con- 
nd it is 
red to, 
r smal] 
Tais- 
more, 
king ig 
oncrete 


sed for 
of elas. 
3,500, 
will be 
which 
86 
com- 


ry the 
to bot- 
of the 
limits 
te and 
ckness 
ken as 
ifficult 
ity be- 
rein- 
of the 
dome 
/pport, 
by a 
pacing 
18 in. 
would 
ottom, 
dif- 
hence 
ps of 
inside 

bars 
f uni- 


in ac- 
lower 
layer 
the 


Jan, 1945 


method of applying the bands, however, 
it is difficult to place them closer than 
about 4 in. apart due to the space taken 
by turnbuckles or wrench. If this is in- 
sufficient, then a second layer of steel 
will be necessary over a part of the wall 
height. The second layer is installed 
by prestressing the first layer to a 
higher degree than normal, covering it 
with gunite, applying the second layer 
of bands and tightening them to normal 
stress. The amount of prestress in the 
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section due to the tightening of the 
outside bands will be equal to A’ .fsi 
+A,+mnAs,, and the change in the 
inside steel stress will hence be nA’ sfsi 
+ A,+mnAy, in which A’, represents 
the area of the outside layer of the 
steel. In view of the prior shrinkage 
of the gunite coating, its area is not in- 
cluded in determining the prestress of 
the outside layer of steel. The origi- 
nal tightening of the inside layer should 
be sufficiently above normal to cause 


it to return to normal when the out- 


frst layer is determined by noting that 
side layer is fully tightened. 


the change in stress in the composite 


© 


7 


d 


83 


5 lpm ground water resources of a 
country are dependent on many 
factors that interact in an extremely 
complex manner. Topography, tem- 
perature, precipitation, evaporation, 
surface runoff, absorption by vegeta- 
tion, character of the soil and the nature 
and structure of the bedrock play im- 
portant roles in determining the amount 
and composition of the underground 
water supplies. In a country as large 
as Canada, embracing an area of ap- 
proximately 3,700,000 sq.mi., spread 
over 40 deg. of latitude and 85 deg. of 
longitude, with a relief extending from 
sea level to a maximum elevation on 
Mount Logan of 19,850 ft., and with 
an average annual precipitation rang- 
ing from less than 10in. to over 160in., 
a great diversity in the ground water 


conditions is to be expected (see 
1). 
Canada, moreover, possesses other 


distinctive features pertaining to the 
nature and distribution of its bedrock 
and its unconsolidated deposits, as well 
as to the distribution of its compara- 
tively small population concentrated in 
relatively small areas, and these must 
be kept constantly in mind in any con- 
sideration of its ground water re- 
sources. 


Physical Geography a 


Canada lies in the temperate and 


arctic z¢ xtending from the 43rd 


25 


s Water Resources From a 


Geological Aspect 
By B. R. MacKay 


Geologist-in-Charge, Water Supply and Borings Sec., Geological Survey of Canada, 
Ottawa, 
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Can. 
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parallel northward to the polar regions 
with normal mean temperatures rang- 
ing in some of the northern areas from 
60° above zero to 30° below zero. In 
the sub-arctic regions are extensive 
areas of tundra, and in the polar re. 
gions vast areas of perpetual snow and 
ice. It probably possesses more bodies 
of fresh water than all the other coun- 
tries of the world combined. Most of 
these water bodies are concentrated in 
that part lying along and north of the 
chain of lakes and rivers formed by the 
St. Lawrence and Ottawa rivers, the 
Great Lakes and Lake of the Woods, 
Lakes Winnipeg, Athabaska, Great 
Slave and Great Bear. The bedrock 
surface of 1,800,000 sq.mi. of this area 
consists largely of dense crystalline 
igneous rocks which are so compact 
and impervious that they permit little 
water to enter them, and yield little in 
return, most of their weathered upper 
parts having been completely removed 
by glaciation. The population within 
this vast area is meager and confined 
largely to mining settlements, lumber 
camps and trading posts. With such 
abundant surface water supplies avail- 
able, the problem of ground water re- 
sources over this immense region is 
mainly one of academic interest. 

In the relatively cold and moist 
mountainous region of western Can- 
ada, where the population is mainly con- 
fined to mining and lumber camps and 
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to settlements on the transcontinental 
railways that follow the three main 
transverse valleys, ample supplies of 
water are generally obtainable from 
mountain streams and springs. Here 
the investigations of ground water sup- 
ply have been largely confined to those 
pertaining to the thermal springs at 
Ranft, Jasper and Harrison Springs in 
the several national parks, and in the 
g-called “tropical valley” of the Liard 
River of northern British Columbia. 
There are, however, many areas such 
as in Welland, Haldimand, Brant, EI- 
gin and Essex counties of southwest- 
ern Ontario, in the Interior Plains re- 
gion, and along that part of the Alaska 
highway lying between Dawson Creek 
and Fort Nelson in British Columbia, 
where the locating of satisfactory water 
supplies is a matter of real concern. In 
the Western Plains numerous examples 
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can be cited of farms that were pur- 
chased, held for years, and finally aban- 
doned due to failure to obtain adequate 
supplies of water. In other parts of 
this region satisfactory supplies of 
water were at first obtainable from 
wells, but as the population of the dis- 
trict increased, the available supplies 
have become inadequate, and depend- 
ence must be placed on retaining rain- 
fall in dugouts, on bringing in the 
water from distant sources by irriga- 
tion ditches or pipes, or on exploring 
by wells and boreholes for deeper un- 
derground water supplies. The Win- 
nipeg water supply, at first derived 
from artesian wells, is now piped from 
Shoal Lake 98 mi. distant, but ground 
water supplies are being used in atr- 
conditioning installations. 

Large areas in western Canada are 
awaiting settlement, but in some of 


LEGENO 
Precipitation 
Under 10 inches 
160 


Temperatures 
Norma Mean Temperature January 
July 


> 
i 


MAP OF 
CANADA 
SHOWING 
AVERAGE ANNUAL PRECIPITATION 
NORMAL MEAN TEMPERATURES 
Scale 


of Miles 


¢ 


ie 


f 4 
4 ten a 
Figure | 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION Vol. 3? 
them, the probability of obtaining ade- the ground water resources of Moose p2), 
quate ground water supplies at shallow Jaw, Sask., by W. A. Johnston and R, fia 
depths appears to be very slight. In T. D. Wickenden. In 1931 and 1932 fe 
such areas a thorough investigation of D.C. Maddox reported on certain ar. fu 
the ground water supply or the possi- _tesian areas in southern Saskatchewan [C. 
bilities of irrigating the areas is of and in 1934 W. A. Johnston reported fr 
prime importance, and the land should on the surface deposits and ground [itt 
be withheld from settlement until the water supply of the Winnipeg map jo 
evidence of satisfactory supplies is ob- area in Manitoba. | 
tained. In some areas the desired in- In 1933 and 1934 a detailed survey }rt 
formation can only be secured by test on the ground water conditions in Ot. |W 
drilling. tawa and vicinity was made by D. (, }m 
Ground Water Investigations by the 

port was compiled. 
Geological Survey of Canada In 1935 a very detailed ground water |" 
Although the investigation of the survey was made, under the super. {4 

_ ground water resources of a country is vision of the author, of southern Sas- [4 
universally regarded as a function of katchewan, extending from the inter } 
its geological survey, until recent years national boundary to the northern } 
comparatively little work of this na- boundary of Township 32. An area |” 
ture has been undertaken by the Geo- of 80,000 sq.mi., embracing 2,500 town. | 
logical Survey of Canada. Asaresult, ships and 225 rural municipalities, was }" 
most of the information pertaining to covered, records of 60,000 water wells }" 
ground water has been collected as a were obtained and samples of 720 rep- | 
secondary consideration during the resentative wells were collected and j® 
course of other field work. A few analyzed. The results of this investi- | 
special studies have been carried out in gation were made available to the pub- |” 
areas within which adequate supplies lic in the form of reports on the ground }™ 
of ground water were urgently needed. water resources of each of the 225 

The first report issued by the survey rural municipalities covered. As the |™ 
dealing entirely with ground water was cost of printing such a large number }“ 
one by F. D. Adams and O. E. Leroy of reports was prohibitive, a limited | 
on the artesian and other deep wells number of mimeographed copies was |‘! 
on the Island of Montreal, published in made and distributed to a carefully |§ 
1901. A more comprehensive report selected list comprising various federal, 
on the subject by C. L. Cumming was _ provincial and municipal departments, | 
published in 1915. and those companies and organizations |) 

In 1915 also, the survey published a that were especially concerned with the ch 
report on the discovery of the artesian development of underground water |" 
water supply of southeastern Alberta supplies. Three copies were sent to |“ 
by D. B. Dowling. This report was each of the municipality’s offices for [™ 
brought up to date and amplified by reference use by the residents of the |™ 
Dowling in 1922. municipality, who were notified by §™ 

A report on the ground water re- press that the reports were available a 
sources of Regina, Sask., by H. E. and where they might be consulted. “ 
Simpson was published in 1929. This During 1935 well data were also col- |" 
was followed in 1930 by a report on lected over an area of approximately T 
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Moose [21,000 sq- mi. in east-central Alberta, co-operation extended by these organ- 
| and R, ind approximately 15,000 sq.mi. in izations and would welcome all in- 
nd 1932 fwest- «central Saskatechewan by parties formation on ground water conditions 
tain ar. fader the direction of G.S. Hume and which could be supplied by engineering 
tchewan [C. O. Hage. These records and three firms or individual engineers. 


‘eported }eports in manuscript are on file in From its inauguration in 1908, the > 
ground fie Borings Section where they may be Borings Section of the Geological a 
eg map onsulted if desired. Survey has been engaged in collecting, __ 


In 1936 approximately 2,500 well assembling and interpreting water data 
survey jecords were obtained by R. T. D. from all available sources, and the files 
- in Ot. |Wickenden over an area of approxi- contain records in excess of a hundred | . 
y D.C 7,500 sq.mi. in southeastern thousand water wells. 
d a re. [Alberta. In addition to the water well data, 
In 1936 and 1937 a detailed ground there are also on file in the Borings 
d water [water survey was carried out by J. F. Section records and rock samples of 
super. {Caley and H. N. Hainstock, covering many thousands of wells drilled for 
rn Sas. fproximately 800 sq.mi. in southern _ oil or gas, or coal or test holes to deter- 
> inter. [Ontario, embracing the following eight mine the bedrock structure. These > 
orthern Jiownships: Markham, Pickering, Scar- records and the 790,000 rock samples — 
Whitchurch, Vaughan, King, on file are of inestimable value in help-_ 
\ town. [Toronto Gore and Albion. Records ing to solve the many stratigraphical 
es, was {were obtained of approximately 8,700 and structural problems that arise. As 
1 wells |vells, and water samples from 280 rep- an aquifer or water-bearing horizon 
20 rep- resentative wells were collected and acts in much the same manner, with | 
-d and Jamalyzed. A report on each of these respect to areal extent, thickness and | 
nvesti. [townships was prepared and is avail- subsurface structure as does a seam of 
1e pub- fable for reference and for answering coal or a stratum in which oil and gas 
yround fimguiries received. occur, the same principles are applica- 
ie 225} Special investigations have also been ble to all. Among the problems that 
As the }made upon request by officers of the arise for solution are such as (1) the 
umber Geological Survey on ground water possibility of encountering artesian 
limited |conditions of a number of localities in- | water flows in an area, (2) the prob- 
25 was |duding Winnipeg, Richmond Hill and able limits of such an area of artesian 
refully | Essex. flow, (3) the permanency of known 
ederal, | Water well records have also been water supplies, (4) the probable height 
ments, |tceived from various provincial de- to which the artesian water will rise, 
vations |pattments, the University of Saskat- (5) the estimated depth at which the 
ith the |chewan, drilling contractors and indi- top of the aquifer will be encountered, 
water |Vidual drillers. The Geological Sur- (6) the mode of occurrence of the 
ent to pvty has also secured from the Do- water, and (7) the quality and tem- 
es for | Minion Department of Transport the perature of the water that will be ob- 
of the ptecords of the large number of water _ tained. 
ed by wells that have been drilled within the The data on file in the Borings Sec- 
ailable } ast four years in an effort to secure tion, comprising geological maps, re- 
ed. adequate water supplies for the numer- ports, memoranda, structure sections, 
so col- | 0US airports established across Canada. topographical maps, well and borings 
mately | [he Geological Survey apprennnes the records and drill cuttings, are all made 
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use of in arriving at a conclusion as to 
the probability of obtaining water sup- 
plies in untested territory. In this, 
even negative information is of value 
as it often saves the expenditure of 
funds that would be spent in drilling 
dry holes. It is such data that form 
the basis for the answering of many 
hundreds of inquiries received each 
year from land owners throughout 
Canada as to the probability of finding 
water on their properties and the depth 
to which it is necessary to drill. Ow- 
ing to the importance which air-con- 
ditioning by the use of ground water 
has attained, data on ground water 
conditions in cities are often of value 
even when the main supply is obtained 
from other sources. 


Ground Water Conditions in Un- 
by consolidated Deposits 


The most important source of ground 
water supplies in Canada is the uncon- 
solidated deposits, consisting of glacial 
deposits, post-glacial lacustrine de- 
posits, marine clay deposits and recent 
alluvial deposits. The most important 
of these are the glacial deposits, which 
are to be found widely distributed 
through Canada. In fact, the glacial 
drift is a greater source of water sup- 
ply in Canada than all the bedrock 
formations combined. In many places, 
however, the glacial drift does not con- 
tain adequate supplies of water, and it 
is necessary to drill through it into the 
underlying bedrock formations. 

In some areas, the glacial drift is 
overlain by clays and silts that were 
deposited in extensive post-glacial lakes 
formed on the retreat of the ice front. 
In other areas along the low coastal 
plains, the glacial drift may be covered 
by a stratum of clay deposited when 
these areas were submerged beneath 


the sea. In still other areas the drift 
cover consists largely of recent ally. 
vium that has been deposited by streams 
or lake deposits, or other pre-existi 


unconsolidated deposits that have beep 
reworked by wind action. 
Glacial Deposits 


During the glacial period practically 
all of Canada, except the highest parts 
of the Rocky Mountains, the northery 
part of the Yukon, and some high lands 
in Gaspe, Que., and in Labrador, was 
buried beneath extensive ice sheets in- 
ferred to be several miles in thickness 
at their centers (Fig. 2). These ice 
sheets, designated the Cordilleran, the 
Keewatin, the Patrician and the La. 
bradorean, due to the superincumbent 
weight of the ice, moved outward from 
their centers located in the Rocky 
Mountains, in Keewatin District west 
of Hudson Bay, in Patricia District 
south of Hudson Bay and in Labrador 
east of Hudson Bay. A fifth center of 
glaciation was in Greenland, and the 
existing Greenland ice cap is but a 
descendant of the more extensive ice 
sheet which extended westward and 
covered Ellesmere and the adjacent 
Arctic islands. It is possible that still 
another ice cap existed in the western 
Arctic islands. 

From most of these central areas the 
soil and weathered bedrock have been 
removed by ice erosion and have been 
distributed as glacial drift of various 
types over areas farther out. The great 
mass of this glacial drift, representing 
several drift sheets, is in the form of 
“ground moraine,” a layer of very un- 
even thickness of “boulder clay” or 
“till” that was deposited directly by the 
moving ice. In some areas the ground 
moraine has been molded by the over- 
riding ice into a series of elongated 
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hills termed “drumlins” or “drum- 
inoids,” the longer axes of which paral- 
lel the direction of ice movement. 

In some regions the glacial drift is a 
mixture of boulder clay and stratified 
sands and gravels in variable propor- 
tions, deposited in the form of belts, 
designated as “terminal moraine” or 
“recessional moraine.” This type of 
topography is generally characterized 
by hillocks and undrained depressions. 
Such deposits are, in places, several 
hundred feet in thickness, a mile or 
more in width and many miles in 
length. They lie transverse to the di- 
rection of the ice movement and are 
believed to have been formed at the 
front of the ice sheet and to mark sta- 
tionary periods at its maximum ad- 
vance or during its recession. = 
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In some places there are ridges of 
stratified sand and gravel, termed 
“eskers,” that run in sinuous courses 
roughly parallel to direction of glacia- 
tion and often are traceable for many 
miles. They are believed to have been 
deposited by streams that ran beneath 
the ice sheet. In some areas the drift 
consists largely of stratified sands and 
gravels in the form of alluvial fans, 
aprons, deltas, valley trains and out- 
wash plains that were deposited by 
waters issuing from the ice front. 

As the ground moraine 
largely of an unassorted mixture of 
boulders and finely ground-up rock and 
clay, it is very impermeable and con- 
sequently of itself yields very meager 
water supplies. It generally includes, 
however, isolated irregular-shaped bod- 
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ies of sand and gravel that yield small 
supplies of good water. 

In the terminal moraine, a large pro- 
portion of the deposit consists of sand 
and gravel and here the ground water 
supplies are more abundant. Eskers, 
alluvial fans, deltas and outwash plains 
consist largely of beds of well-stratified 
sands and gravels, which yield gener- 
ally abundant supplies of good water. 


Post-glacial Lacustrine Deposits 


Most of the drainage in Canada is 
northward and as the Keewatin, Pat- 
rician and Labrador ice sheets ad- 
vanced and receded (several such ad- 
vances and recessions are known to 
have occurred), there was impounded 
along the fronts of the various ice 
lobes that extended up the major drain- 
age courses, the water derived from 
the inflowing streams and from the 
melting of the ice. The levels of the 
lakes thus formed rose in elevation 
until the lowest outlets were reached, 
whereupon the waters escaped through 
these outlets and established new drain- 
age courses often at variance to the 
pre-existing drainage. 

From the occurrence of beaches, cut- 
banks, deposits of stratified silts and 
clays, reworked glacial drift and inter- 
glacial deposits, it has been possible to 
delineate the various areas covered by 
these glacial and post-glacial lakes. 
Among the larger are the following: 
Lakes Duluth, Chicago, Maumee, Sagi- 
naw, Whittlesey, Warren, Algonquin 
and Nipissing, that record various 
stages in the lakes formed by the ice 
sheets in the Great Lakes basin; Lake 
Ojibwa-Barlow that was formed on the 
north slope of the St. Lawrence-Hud- 
son Bay Divide in Ontario and Que- 
bec; Lake Souris, Lake Agassiz and 
Lake Churchill in Manitoba; Lakes 
Regina, Saskatoon, Saskatchewan, 
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Gravelbourg, Johnston and_ Great 
Sands Hills in Saskatchewan; a series 
of lakes formed along the valleys of the 
Oldman, Bow, Saskatchewan, Peace 
and Athabaska Rivers in Alberta; and 
the ancestral Great Slave Lake and 
possibly Great Bear Lake in the Mac- 
kenzie River drainage basin of the 
Northwest Territories. 

In these lakes, thick deposits of silt 
and clay were laid down, together with 
occasional layers of sand which were 
deposited under near-shore conditions. 
The clays and silts are comparatively 
impermeable, and, where thick, pre- 
vent the water from entering the un- 
derlying drift which consequently 
yields only very meager supplies of 
water. Water is occasionally found, 
however, in the thin beds or lenses of 
alluvial sand within or below the clays, 
or in the glacial drift below them, that 
have their intake areas on the higher 
slopes, and it is often found under con- 
ditions favorable to the occurrence of 
artesian wells. 


Post-glacial Marine Deposits 


In late glacial and post-glacial time 
much of the low coastal plains of east- 
ern and northern Canada, including 
the St. Lawrence Valley, Champlain 
Lake and the lowlands west to Lake 
Ontario and beyond Ottawa, were 
submerged by a transgressing sea. 
Streams entering these embayments 
deposited their sands as interleaved 
lenticular deposits between the less 
permeable beds of silt and clay that 
were being deposited by the quiet ma- 
rine waters. These deposits generally 
dip away from the uplands. Although 
seldom continuous over wide areas, the 
porous nature of these beds and their 
position between beds of impervious 
clay make them generally a source of 
artesian water supplies. The water en- 
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ters these porous beds on the marginal 


uplands and the “flowing wells” are 
confined usually to the lower areas 


| where the clay has been penetrated and 


the aquifer tapped. In the low-lying 
areas the water in the sediments be- 
neath the marine clay is usually too 
salty to be usable. 

The upper limit of these marine de- 
posits is indicated by highest marine 
shorelines as evidenced by beaches, 
boulder ridges and associated areas in 
which the glacial drift has been com- 
pletely removed from the bedrock by 
wave action. Elevation determinations 
on this ancient shoreline reveal that it 
has been differentially uplifted. The 
shoreline ranges in elevation from 400 
ft. at the south end of Lake Champlain 
to 500 ft. at the north end of the lake, 
about 600 ft. at Montreal and 690 ft. 
at Ottawa. It continues the northward 
rise to the south end of James Bay 
where it attains the maximum eleva- 
tion of about 900 ft. Beyond this the 
marine shoreline decreases in eleva- 
tion, becoming less than 300 ft. above 
sea level along the north coast of Lab- 
rador. Inthe Arctic islands the beaches 
lie generally less than 500 ft. above 
sea level. 


Ground Water Conditions in Bed- 
rock Formations 


As the ground water conditions in 
bedrock formations are largely control- 
led by the nature of the individual 
rocks and the substructure of the strata 
over large areas, the ground water sup- 
plies of Canada could be most ade- 
quately described by a detailed discus- 
sion of the water possibilities of the 
individual rock formations as they oc- 
cur in different parts of Canada. The 
vast extent of territory, the variety of 
conditions that prevail in the different 
areas and the limited space available, 
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permit, however, only a very general- 
ized summary of the ground water con- 
ditions throughout Canada. 

In order to refresh the reader’s mem- 
ory with respect to the more element- 
ary principles of geology and give a 
clearer understanding of the strati- 
graphical succession as depicted in the 
accompanying geological map and 
structure sections (Fig. 3), a few ex- 
planatory remarks are here given. 
From a study of the nature of the 
rocks as exposed in numerous natural 
sections and well borings, their fossil 
contents, the thicknesses of the strata, 
their geographical distribution and 
stratigraphical and structural relation- 
ships, geologists have been able to 
construct a geological column as here 
shown depicting the orderly succession 
of the strata, the development of life, 
and the major physical events that have 
taken place in the earth’s history, such 
as vulcanism, mountain building, base- 
levelling, climatic changes and glacia- 
tion. On the bases of these changes it 
has been possible to group the individ- 
ual beds into “members,” “members” 
into “formations,” “formations” into 
“series,” “series” into “systems,” and 
“systems” into major units termed 
“groups.” A “group” is usually sepa- 
rated from the adjacent “group” by a 
major stratigraphical break or uncon- 
formity that indicates that the rocks of 
the earlier “group” had been folded, 
elevated and base-levelled before the 
deposition of the beds of the suceed- 
ing group. 

Corresponding to the above major 
physical changes there were abrupt 
major changes in the development of 
life on the earth. On the basis of these 
major biological changes the geological 
column has been divided into five 
groups, the time equivalent of which 
is the era. These five eras are the 


| 


Archaean, Proterozoic, Palaeozoic, 
Mesozoic and Cenozoic. 

Each of the above eras has been sub- 
divided into periods such as the Cam- 
brian, Ordovician and Silurian, the 
time interval required for the deposi- 
tion of a system. The period is further 
subdivided into epochs, etc. The areal 
relationship that exists between rocks 
of these different groups is shown on 
the structural sections in Fig. 3. 
Canada is usually divided into six 
physiographic provinces as shown in 
Fig. 4, (1) Appalachian Region, 
(2) St. Lawrence Region, (3) Cana- 
dian Shield, (4) Interior Plains, (5) 
Cordilleran Mountain System, and (6) 
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faults of large displacement, and which 
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Arctic Archipelago and Hudson Bay 
Lowland. In that rocks of several of 


the foregoing “groups” occur in the 
same physiographic provinces, and 
rocks of the same “group” occur in 
several of these physiographic pro- 
vinces under similar stratigraphical 
and structural conditions, these six 
physiographic divisions are not well 
adapted to serve as the basis for classi- 
fying Canada’s ground water resources. 
A much better basis for this classifica- 
tion is to divide Canada first into its 
three major structural or tectonic units 
which are separated from one another 
by natural structural boundaries, 1.e., 
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ditfer from one another greatly in their 
geological histories. Such a division 
has already been made. 

The central or larger unit covers the 
vast region of Canada formed by an- 
cient Precambrian crystalline rocks 
partly overlain by younger nearly flat- 
lying sedimentary formations which 
embrace rocks of the three succeeding 
eras: Palaeozoic, Mesozoic, and Ter- 
tiary. This structural unit, to which 
the name “Laurentia” has been given, 
embraces the Canadian Shield, the In- 
terior Plains, the St. Lawrence Region, 
and the Arctic Archipelago and Hud- 
son Bay Lowland physiographic prov- 
inces. It is separated on the southeast 
from the folded Appalachia structural 
unit by a major fault that extends 
from Lake Champlain northeasterly to 
Quebec City, and thence down the St. 


Lawrence River, passing presumably 
south of Anticosti Island and through 
the Strait of Belle Isle. It is sepa- 
rated on the west from the highly 
folded and faulted mountainous Cordil- 
lera structural unit by a zone of pro- 
nounced faulting that extends from the 
international boundary northward 900 
mi. to beyond Liard River, and thence 
along the east base of the folded moun- 
tains north to the Arctic Coast. 

The rocks of most of Laurentia have 
been only slightly deformed since the 
beginning of the Palaeozoic era, and 
the differences that exist in sediments 
of the different eras represented are 
largely those of the original deposition 
and later cementation. The rocks of 
the Precambrian age, including both 
Archaean and Proterozoic, are compact 
and impervious; those of the Palaeo- 
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zoic age are more permeable; those of 
Mesozoic age are much more porous; 
and those of the Tertiary age are very 
loose and open in texture. Igneous 
rocks belonging to all four eras are 
compact and impermeable. 

On the other hand, the rocks in the 
Appalachia and Cordillera structural 
units were subjected to intense moun- 
tain-building deformation, the former 
during the Palaeozoic, and the latter 
during Palaeozoic, Mesozoic and Ter- 
tiary eras, and the original differences 
that existed in the porosity of the sedi- 
mentary rocks of the different eras 
have been largely obliterated. More- 
over, the rocks are so steeply inclined 
that the belts of the different groups 
are generally too narrow to be properly 
delineated on a map of small scale. 
The Cordillera and Appalachia struc- 
tural units, therefore, do not lend 
themselves to a satisfactory subdivision 
into four stratigraphic units corre- 
sponding in age to the four eras as 
does the Laurentia region structural 
unit. 

Because water wells drilled into bed- 
rock seldom exceed a few hundred feet 
in depth, and usually do not penetrate 
below the erosional unconformity that 
generally marks the base of the group 
of rocks in which the wells have been 
started, each of the stratigraphic units 
is here restricted to those areas in 
which rocks of the same era outcrop or 
immediately underline the drift. These 
stratigraphic units in turn have been 
further subdivided on a geographical 
basis into ground water provinces. 

Each of these ground water prov- 
inces can be further subdivided into 
sub-provinces according to the rock 
system that outcrops or immediately 
underlies the drift, or even into smaller 
areas or belts corresponding to the 
“series” or individual forma- 
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tions that may form the underlying 
bedrock. 
This subdivision is as follows: 


A—Laurentia Structural Unit. 
I—Canadian Shield—areas in 
which igneous or metamorphic 
Precambrian rocks outcrop or 
immediately underlie the drift, 
a! (1) Archaean ground water 
provinces—areas in which 
yoy | rocks of Archaean age outcrop 
or underlie the drift. 
(3) Proterozoic ground water 
in which 
Proterozoic rocks outcrop or 
immediately underlie the drift. 
Il—Palaeozoic stratigraphic unit 
or Palaeozoic Lowlands—areas 
in which Palaeozoic rocks out- 
crop or immediately underlie 
drift. 
—s (1) Arctic Islands Palaeozoic 
ground water province. 
(2) Hudson Bay Palaeozoic 
water province. 
(3) Anticosti Palaeozoic 
water province. 
32S) (4) St. Lawrence Palaeozoic 
ground water province. 
Ontario Palaeozoic ground 
province. 
(6) Manitoba Palaeozoic 
ground water province. 
Athabaska Palaeozoic 
ground water province. 
Loe (8) Mackenzie Basin Palaeo- 
fan zoic ground water province. 
(9) Small Palaeozoic outliers. 
I1I—Mesozoic stratigraphic unit or 
_ Great Plains—areas in which 
Mesozoic rocks outcrop or im- 
1ediately underlie the drift. 
(1) The Central Plains Cre- 
taceous ground water province. 
(2) Great Bear Lake Cretace- 
ous ground water province. 
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(3) Good Hope Cretaceous 
ground water province. 
(4) Mackenzie River Delta 
Mesozoic ground water prov- 
ince, 
(5) Arctic Islands Mesozoic 
ground water province. 
(6) Moose River Basin Cre- 
taceous ground water province. 
1V—tTertiary stratigraphic unit— 
areas in which strata of Ter- 
tiary age outcrop or immedi- 
ately underlie the drift. 
(1) Southern Saskatchewan 
Tertiary ground water prov- 
ince. 
(2) Alberta Syncline Tertiary 
ground water province. 
(3) Norman Tertiary ground 
water province. 
(4) Arctic Islands Tertiary 
ground water province. 
B—Appalachia Structural Unit. 
(1) Precambrian and Igneous 
ground water province. 
(2) Deformed Palaeozoic ground 
water province. 
(3) Undeformed Palaeozoic 
ground water province. 
C—Cordillera Structural Unit. 
This structural unit corresponds 
to the Cordilleran Mountain Sys- 
tem which consists of the follow- 
ing physical sub-provinces: (1) 
Rocky Mountain, (2) Cassiar- 
Omineca, (3) Interior Plateau, 
(4) Coast Range and (5) Insular 
Systems. 


Ground Water Conditions in the 
Three Major Structural Units and 
Various Ground Water Provinces 


Laurentia Structural Unit 


I. Canadian Shield—This is a re- 
gion of rugged topography with nu- 
merous lakes and rivers, and with a 
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cover of glacial drift that overlies Pre- 
cambrian crystalline rocks. The 
ground water supplies of this region 
are derived largely from sand beds that 
occur in the glacial drift or from frac- 
tures and joint planes in the bedrock. 
In the areas where the glacial drift is 
overlain by post-glacial lacustrine clays 
or marine clays, the water occurs under 
artesian conditions from aquifers that 
lie between the clay and the underly- 
ing bedrock. 

(1) Archaean Ground Water Prov- 
inces—The Archaean rocks underlie 
the greater part of the Precambrian 
shield. Over most of the area they 
consist largely of highly deformed and 
metamorphosed lava flows (green- 
stones) and minor amounts of ancient 
rocks that represent sediments of the 
earth’s crust. These rocks were in- 
vaded by extensive masses of granite 
which fused and similated most of its 
overlying cover. In the southeastern 
part of the shield in Ontario, Quebec 
and Labrador the earliest of these rocks 
are crystalline limestones and quartz- 
ites which are also invaded by granite. 
These limestone rocks are much more 
favorable for the transmission and stor- 
age of ground water in that they are 
intricately shattered and cut by numer- 
ous fissures and faults. Good supplies 
of water can generally be obtained from 
it within 100 ft. of the surface. The 
other rocks of the Archaean are im- 
pervious to water and the meager sup- 
plies obtained are from fissures or joint 
planes in the rock. 

(2) Proterozoic Ground Water 
Provinces—The Proterozoic rocks 
comprise all the Precambrian rocks 
known or inferred to be younger than 
the Archaean. They are found cover- 
ing large areas of the Canadian Shield, 
embracing the Arctic Islands, Copper- 
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mine River area, Great Bear Lake 
area, Lake Athabaska area, Nipigon- 
Copper Cliff-Cobalt areas of Ontario, 
Lake Mistassini and Swampy Bay 
River areas of Quebec, and Seal Lake 
area of Labrador. Within each of 
these areas the rocks embrace sedi- 
ments and lavas, and at some places 
intrusive granitic rocks of considerable 
extent. Except in the vicinity of the 
intrusive bodies, the sediments are but 
slightly metamorphosed and in parts 
of the area they are nearly flat-lying 
with the physical character of rocks 
resembling that of the beds of the 
Palaeozoic, the next younger geological 
division. Even where the sediments 
are little deformed, however, they are 
very impervious due to deposition of 
silica or carbonates in the spaces be- 
tween the grains of the rock. They 
consequently yield only meager sup- 
plies of water, except along the bed- 
ding planes of the lava flows, at un- 
conformities, or in joints and fissures 
that cut the rocks to a depth of a few 
hundred feet. 

II. Palaeozoic Lowlands—(1) Are- 
tic Islands Palaeozoic Ground Water 
Province—These islands are largely 
uninhabited, and a consideration of the 
ground water conditions is therefore 
mainly of academic interest. Most of 
the drift is frozen and the water sup- 
plies used are derived largely from 
streams or from wells that are sunk be- 
neath the frost zone into the under- 
lying bedrock. 

(2) Hudson Bay Palaeozoic Ground 
Water Province—Most of the ground 
water supplies required in this largely 
uninhabited area are derived from the 
glacial drift. Where the glacial drift 
is overlain by glacial lake clays or by 
marine clays, water under artesian con- 
ditions may be expected. Where the 
drift is thin or absent, variable supplies 
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of water may be obtained from wells, 
sunk in the bedrock that consists largely 


of limestone with interbeds of shale 


and sandstone. 

(3) Anticosti Palaeozoic Ground 
Water Province—Ample_ supplies of 
hard, but otherwise good water may be 
obtained from stratified beds of sand 
and gravel of glacial and post-glacial 
age. Where marine clay occurs water 
may be expected from aquifers that lie 
between it and the bedrock, generally 
under artesian conditions. Wells 
drilled into aquifers in the gently dip- 
ping Silurian and Ordovician lime. 
stones which underlie the unconsoli- 
dated deposits also yield good supplies 
of water of satisfactory quality. 

(4) St. Lawrence Palaeozoic Ground 
Water Province—Good supplies of 
ground water are obtained from sandy 
aquifers that lie interbedded with or 
beneath the marine clays which occur 
widely distributed over this province, 
At and in the vicinity of Ottawa and 
Montreal, wells drilled into the Or- 
dovician limestone underlying 
Cambrian sandstones have generally 
yielded ample supplies of good water, 
but elsewhere in this province the deep 
Palaeozoic waters are generally highly 
mineralized. At Montreal numerous 
flowing wells have been obtained from 
aquifers and fractures in the Palaeozoic 
rocks. 

(5) Ontario Palaeozoic Ground 
Water Province—Most of the ground 
water supplies in this province are 
derived from sand and gravel beds in 
the glacial drift that ranges in thickness 
from the thin veneer at the eastern 
and northern borders to over 100 ft. 
in southwestern Ontario. Where the 
drift is thin, water supplies are gen- 
erally scarce and are derived from 
aquifers in the underlying bedrock 


formations. The waters from these 
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aquifers vary in quality with the type 
of bedrock, ranging from soft water of 
low mineralization to hard highly min- 
eralized water, some of which is unfit 
for domestic use. 

(6) Manitoba Palaeozoic Ground 
Water Province—The chief source of 
ground water in this province is from 
aquifers that occur in the glacial drift 
that underlies the clays of glacial Lake 
Agassiz, or from the upper part of the 
underlying bedrock. Flowing artesian 
wells from both these horizons occur 
in the Red River Valley area and these 
once formed the main supply for the 
city of Winnipeg. Good supplies are 
still obtainable from the upper part of 
the Stony Mountain limestone forma- 
tion which extends in a northerly di- 
rection from Winnipeg, and which has 
a gentle westerly dip from its outcrop 
that lies to the east of the city. 

(7) Athabaska Palaeozoic Ground 
Water Province—This province is 
largely uninhabited, and the ground 
water supplies obtained are largely 
from shallow wells in the glacial drift. 
The area is underlain by Palaeozoic 
limestones that contain water in their 
upper weathered surfaces. 

(8) Mackenzie Basin Palaeozoic 
Ground Water Province—Centers of 
population in this province are confined 
almost wholly to the shores of the 
rivers and lakes. Most of the ground 
water supply is derived from the glacial 
drift. The bedrock consists of shales, 
limestones, dolomites, quartzites and 
local beds of salt and gypsum, and the 
water that occurs in the aquifers in 
these rocks would show a wide range 
in mineralization. 

(9) Small Palaeozoic Outliers— 
Small areas underlain by Palaeozoic 
rocks occur at Nicholson Lake, N.W. 
T.; Nipissing, Temiskaming and Pem- 
broke in Ontario; Lake St. John, Echo 
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7 
Lake and near Quebec City in Que- 
bec. In all of these areas water is de- © 
rived from shallow wells in the over- 
lying drift and from aquifers, faults or — 
fractures and bedding planes that oc- 
cur in the Palaeozoic limestones. In 
the Temiskaming outlier, artesian sup- 
plies are obtained from the limestone. 
III. Cretaceous Areas of the Great 
Plains—(1) The Central Plains Cre- 
taceous Ground Water Province— 
Most water supplies in this large prov- 
ince are obtained from the glacial drift 
that covers most of the area. Over 
much of the area the glacial drift is 
overlain by clays that were deposited 
in numerous glacial lakes formed dur- 
ring the retreat of the ice and in these 
areas it is necessary to penetrate the 
clay to obtain water. The water from 
the drift is generally very hard. Flow- 
ing artesian wells occur in the drift 
area over much of southern Saskatche- 
wan. Where insufficient water is ob- 
tainable from the drift, supplies can 
generally be obtained from aquifiers 
in the underlying Cretaceous beds. 
These generally yield soft and rather 
highly mineralized water. Much of 
the area in southeastern Alberta north 
of Milk River is served by artesian 
wells that tap the Milk river sandstone 
which is one of the best aquifers in the 
district. Throughout most of this dis- 
trict the Cretaceous beds have a gentle 
westerly dip and the increase in eleva- 
tion westward does not permit the ex- 

istence of flowing artesian wells. 

(2) Great Bear Lake Cretaceous 
Ground Water Province—This area is 
only very sparsely inhabited and there- 
fore requires small supplies of ground 
water, most of which can be obtained 
from the glacial drift. The underlying 
bedrock consists of shales and inter- 
bedded sandstones of Cretaceous age 
that contain aquifers from which 
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ground water supplies can be obtained 
if required. 

(3) Good Hope Cretaceous Ground 
Water Province—This area is confined 
to the Mackenzie River Valley where 
there is an ample supply of water. If 
necessary, ground water can probably 
be obtained from the beds of sandstone 
that occur in the Cretaceous shale or 
at the contact of the Cretaceous shales 
and the underlying Palaeozoic lime- 
stones. 

(4) Mackenzie River Delta Meso- 
zoic Ground Water Province—Much 
of this area was submerged by the sea 
and is covered by marine clay. Water 
of good quality may be expected in the 
alluvial deposits that occur beneath the 
marine clay or, if the drift is absent, 
from aquifers in the underlying bed- 
rock. 

(5) Arctic Islands Mesozoic Ground 
Water Province—Rocks of Mesozoic 
age occur in a number of the islands 
of the Arctic Archipelago including 
Prince Patrick Island on the west and 
Ellesmere Island on the east. These 
rocks contain porous sandstone aqui- 
fers from which, if required, water sup- 
plies could be obtained from beneath 
the frost line. 

(6) Moose River Basin Cretaceous 
Ground Water Province—Small areas 
of Cretaceous rocks occur in the Moose 
River basin. These areas are over- 
lain by glacial drift or marine clays in 
which occur aquifers that yield ample 
supplies of water. Where these are 
thin or absent, ground water may be 
obtained from the sands in the Cretace- 
ous shale or at the contact between the 
Cretaceous and underlying Palaeozoic 
rocks. 

IV. Tertiary Areas of the Great 
Plains—(1) Southern Saskatchewan 
Tertiary Ground Water Province— 
Considerable amounts of ground water 
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can be obtained from the drift and from 
the Tertiary sandstone which underlie 
the higher elevations extending from 
Turtle Mountain in Manitoba through 
the Wood Mountain-Willowbunch 
area of southern Saskatchewan and the 
Cypress Hills area of southeastern 
Alberta, the amount derived from the 
aquifers being dependent on rainfall, 
the extent of the catchment area and 
the dip of the beds. In the localities 
where the Tertiary deposits are thin 
or badly eroded, the ground water con- 
ditions are unfavorable. 

(2) Alberta  Syncline Tertiary 
Ground Water Province—Satisfactory 
supplies of ground water in this proy- 
ince can usually be obtained from the 
glacial drift and from the underlying 
Tertiary sand or gravel which are gen- 
erally very porous. These rocks oc- 
cupy the central narrow trough of the 
Alberta Syncline, and their catchment 
area is slight, so that the ground water 
supplies from wells drilled in this belt 
are sometimes small. 

(3) Norman Tertiary Ground Water 
Province—This area is located in the 
valley of the Mackenzie River where 
it is not necessary to rely on ground 
water supplies. The Eocene sand- 
stones and conglomerates are very 
porous and, providing that water en- 
ters them, they should yield good sup- 
plies. Supplies should also be obtained 
from the unconformity that occurs be- 
tween these Tertiary beds and the un- 
derlying Palaeozoic limestone. 

(4) Arctic Islands Tertiary Ground 
Water Province—Small isolated areas 
of Tertiary rocks occur at several of 
the Arctic Islands as at Ponds Inlet. 
As ample water supplies are available 
from the surface sources, it is not likely 
that the aquifers in these Tertiary beds 
will be used as a source for ground 
water supplies. 
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Appalachia Structural Unit fn ght 


The Appalachia structural unit em- 
braces that part of Canada and New- 
foundland lying to the east of the fault 
that extends from Lake Champlain to 
Quebec, and thence down the St. 
Lawrence River pasing south of Anti- 
costi Island and through the Strait of 
Belle Isle. This structural unit con- 
sists of rocks ranging in age from Pre- 
cambrian to Mesozoic which are so 
highly folded and faulted that they do 
not lend themselves to a subdivision 
such as followed with the Laurentian 
structural unit. For ground water pur- 
poses this structural unit can be best 
subdivided into the following three 
ground water provinces. As the first 
of these provinces consists mainly of 
small isolated areas of igneous rocks 
and the second and third are separated 
on a structural rather than a strati- 
graphic basis, these ground water prov- 
inces are not shown on the accom- 
panying geological map (Fig. 3). 

(1) Precambrian Igneous 
Ground Water Province—A large part 
of Appalachia is underlain by dense 
Precambrian igneous and metamor- 
phous rocks and by later intrusive 
rocks in which water is found only in 
joint planes and fracture zones. In 
these areas the ground water supplies 
are largely obtained from aquifers in 
the glacial drift or at the contact of the 
glacial drift and the underlying bed- 
rock. 

(2) Deformed Palaeozoic Ground 
Water Province—Over much of Ap- 
palachia the early Palaeozoic rocks 
have been highly folded and faulted and 
the spaces between the grains of the 
sandstones have been so completely 
filled by the deposition of calcareous 
and siliceous cement that they have 
been rendered impervious. In these 


areas the ground water supply derived 
from the rocks is very meager, and the 
chief sources of ground water in the 
areas are aquifers that occur in the 
glacial drift or in recent alluvium. 

(3) Undeformed Palaeozoic Ground 
Water Province—The central part of 
Appalachia, covering much of eastern 
New Brunswick, northern Nova Scotia, 
Prince Edward Island and the Mag- 
dalen Islands, is underlain by Car- 
boniferous or later rocks that are very 
little disturbed. These rocks consist 
chiefly of sandstones, shale and con- 
glomerate, and from them good sup- 
plies of water can generally be obtained. 
The best source of ground water, how- 
ever, in this region also is the glacial 
drift. In the low coastal areas the 
drift is generally overlain by a stratum 
of marine clay which results in flow- 
ing artesian wells at a number of 
localities along the coast, the contained 
water being derived from intake areas 
of these aquifers on the higher ground. 
Cordillera Structural Unit 


The Cordillera structural unit differs 
so materially from the other two struc- 
tural units in respect to topography, 
climate and geology that it has not 
been subdivided into ground water 
provinces. Most of the area is moun- 
tainous and, except in a few scattered 
areas along the main valleys, it is 
largely uninhabited. The heavy rain- 
fall and the high relief generally pro- 
vide ample supplies of surface water in 
the form of rivers, lakes and springs, 
and supplies of ground water are sel- 
dom required. Any consideration of 
its ground water supplies would be best 
dealt with under the five physiographic 
sub-provinces as listed in the previous 
section and indicated by numbers 1, 
2, 3, 4 and 5 of the Cordillera area, 


ve 
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dered so impervious, and the strata are 
generally so steeply inclined and faulted 
as a result of mountain-building forces, 
that the runoff is rapid and bedrock 
consequently is not a source of water 
supply. Such supplies as are obtained 
from bedrock are derived almost en- 
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shown on structure section A-B of  tirely from solution channels that fol- 
Fig. 3. The bedrock has been ren- low the faults and joint planes. The 


main sources of ground water are al- 
luvial deposits which are generally very 
porous; these either carry abundant 
supplies of water or are altogether dry, 
depending on their position relative to 
the intake areas and to the bedrock 
topography. 


facture of 1}-in. and 23-in. 


the WPB. 


L-39 Modification on Hose Couplings 


Restrictions on the use of copper and copper base alloy in the manu- 
fire hose couplings have been removed by 
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EHABILITATION of a well after 

it has collapsed might be consid- 
ered as a technical or mechanical prob- 
lem, but in the long run the matter of 
economics governs and the engineer's 
proposals to correct past mistakes may 
be sidetracked by the eiements of 
chance in providing a sure cure. This 
makes it all the more desirable to 
eliminate unknown hazards from fu- 
ture operation costs of water compan- 
ies, both in construction and in sani- 
tation matters. 

During the 1930 dry cycle, wells 
were drilled by many companies in a 
frantic rush to keep production ahead 
of consumption. Investigation of some 
of these—three 26-in. diameter wells 
of the Santa Ana Valley Irrigation Co. 
and other wells—was begun in Sep- 
tember 1937 and work was completed 
in October 1938. The wells have been 
in regular use since that time with no 
recurrence of trouble or production of 
sand or silt, so it is believed that now 
the work can be said to be satisfac- 
Salvage Problems 

In Well 20, a 26-in. diameter well, 
1,211 ft. deep, drilled in 1935 at a cost 
of $14,874, the yield fell off to such an 
extent during its six-months’  shut- 
down period in the fall of 1937, at 
which time it was sand pumped, that 
it drew air through the pump when 
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started for an efficiency test in May 
1938. Due to low setting of the pump 
bowls a drawdown of 151 ft. with a 
yield of about 2,250 gpm. was ob- 
tained for a few minutes until the 
motor was shut off. The weil was 
surveyed and an obstruction found at 
a depth of 576 ft. An impression 
block run down the casing showed 
clearly that an inner section of casing 
had opened at the seam and curled in. 
Later investigation showed that the 
break was caused by use of a vertical 
slot perforator without a seam finder, 
during the original perforation of the 
well. 

Swages of proper diameter were 
obtained and the casing was driven 
out to a 254-in. diameter at the point 
of incipient collapse. A 20-in. liner 
some 74 ft. long with steel-funnel type 
adapter was installed, resting on top 
of the old 20-in. casing. The liner 
covered up 38 ft. of unperforated fine 
sand and gravel in addition to 5 ft. of 
perforated casing located at the break. 
A number of “bumps” in the casing 
above the break were smoothed out 
and no serious trouble is expected from 
this well in the future. Results ob- 
tained on Wells 21 and 22 indicate the 
desirability of additional perforations 
in this well, both to increase the spe- 
cific yield and to prevent further possi- 
bility of unbalanced pressure inside 
and outside the casing. 


u- 


Fic. 1. Bottom Hole Camera 
and Electric Light 


The old tuberculated and pitted 14- 
in. diameter pump column in this well 
was one of the first in southern Cali- 
fornia to be given a spun coal-tar 
enamel lining. Several brands of ma- 
terial were used and when the pump 
column is pulled for pump bowl re- 
placement in another year it will be 
possible to get an eight-year experi- 
ence record on the condition of the 
inner and outer layers of coal-tar 
enamel. It is now standard practice 
when a company pump is pulled to 
sandblast and enamel completely the 
column and tubing. Pressure test 
plugs were installed at the top and 
bottom of several pump columns, which 
were both of the enameled and of the 
old rough pipe type. Head-loss meas- 
urements over a period of several years 
show a saving of approximately 1 ft. 
per 100 ft. of column with a discharge 


of 2,500 gpm. by use of coal-tar enamel. 


Depreciation charges were cut in half, 
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at a considerable saving in the annual 
cost of water. are: 4 


Well 21, a 26-in. diameter well for 
620 ft., with a string of 20-in. casing 
extending below that to a total depth 
of 1,250 ft., collapsed in April 1937 
on its first test run for the season. The 
well had been completed and put into 
operation late in the 1936 pumping 
season when the water table in the 
vicinity was normally low and further 
depression was caused by excessive 
drawdown on nearby wells. Yield of 
the well dropped from 2,350 gpn 
when turned into the system on July 
20, 1936, to 2,190 gpm. during Sep- 
tember to December 1936 at the clos 
of the pumping season. During thi 
period the average drawdown of the 
water table below static level was in 
excess of 100 ft. 

During its development the well ran 
some sand and silt. When the pump 
was pulled in January 1937 some 233 
ft. of material, amounting to about 19 
cu.yd., was removed from the lower 
string of 20-in. casing. No coarse ma- 
terial was encountered during the first 
sand pumping. When the well was 
tested by company employees after 
sand pumping its yield had dropped to 
2,000 gpm. with a drawdown of 115 ft. 
On May 26, 1937, when the pump was 
started for a trial run and efficiency 
test by the Southern California Edison 
Co.’s engineers, the casing collapsed 
at a point about 340 ft. below the 
ground surface. 

By September 1937 the well had for 
all practical purposes been abandoned 
and its capital cost of $16,230 was con- 
sidered a total loss. Subsequent tests 
showed that the well would have pro- 
duced about 200 gpm. from perfora- 
tions above the collapsed section with 
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drawdown of 25 ft., and that it thus 


per gpm. yield. 

It had been found impossible in 
May 1937 to lower a 13-in. sand bucket 
into the well below a 343-ft. depth, and 
when sent down alone the 6-in. diam- 
eter set of jars apparently went down 
outside the casing about 8 ft. farther 
and brought up sticky yellow clay. 
Standard engineering practice for sur- 
veying the plumbness of the well dis- 
closed no difficulty until a depth of 341 


re, 


Fic. 2. Collapsed Inner Sheet of Casing at Depth of 340 ft. 


represented an investment of over $81 


OF WELLS 


ft. was reached. ‘At this point a 25-in. 
diameter cage hung up. At 343 ft. a 
20-in. cage hung up and at 350 ft. it 
was impossible to get a 6}-in. cage 
through the hole. Later on it was 
found possible to put.a 4-in. cage 
thrdugh, two separate holes, one near 
the et aad the other near the west 
side,of*the holé. Weights were run to 

epth of more than 800 ft. where it 
was found from subsequent work that 
gravel up to 6 in. in diameter had filled 
the 20-in. casing. 
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At this time it was deemed desirable 
to determine the condition and nature 
of the break more accurately than had 
been done by the use of an impression 
block and the varying-diameter cages. 
A “Bottom Hole” camera, used in the 
oil fields with great success by the 
Eastman Oil Well Survey Co. of Long 
Beach, was adapted for use under high 
water pressure, and photographs of the 
collapsed section were made under 
more than 160 ft. of water. On the 
second run an electric light was low- 
ered into the “pair of pants” formed 
by the collapsed casing, and a silhou- 
ette view showed clearly the existence 
of two separate entrances to the open 
casing below the break. Figures 1, 2 
and 3 show the camera and the photo- 
graphs of the collapsed section of the 
26-in. diameter, double, No. 8, hard, 
red steel casing. 

Subsequent to this, the Roscoe Moss 
Co. of Los Angeles was engaged to 
swage out the well. The two holes 
were gradually enlarged horizontally 
without further serious disruption of 
the casing by successive swages vary- 
ing from 6 in. to 25$ in. in diameter. 
A liner 22 in. in diameter, with three 
24-in. diameter steel brace rings, was 
driven into place covering the bad area 


Silhouetted View Showing 
Nature of Two Openings 


Fic. 3. 


Camera at 340 ft., Light at 358 ft. 
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from 334 ft. to 364 ft. deep. During 
swaging operations, sand had filled the 
casing to a depth of 585 ft. below 
ground level. Sand pumping of the 
upper 620 ft. of 26-in. casing brought 
up sand with a very small percentage 
of gravel of sizes up to $-in. diameter, 
the largest of which could come through 
the 4-in. X 4-in. long vertical slots 
which constituted the original perfora- 
tions of the well. The difference be- 
tween this material and that brought 
up later from near the bottom of the 
well shows that the collapsed section, 
which had let in 6-in. diameter rocks 
and gravel, is effectively protected by 
the steel liner. 


Improvement of Yield Characteristics 


To determine the relative water- 
yielding properties of the upper 600 
and the lower 650 ft. it was deemed 
desirable to test the well before addi- 
tional perforations were made. A spe- 
cific yield test of the upper 600 ft. 
proved that a yield of 550 gpm., or 6,7 
gpm. per ft. of gravel in 83 ft. of the 
supposedly best water-bearing strata in 
the well could be developed from the 
vertical perforations with a 34-{t. draw- 
down. 

A study of well logs and perform- 
ance data on nearby company wells: in- 
dicated that additional perforations 
should yield more water. It was de- 
cided to perforate 40 ft. of water-bear- 
ing “sand” and gravel above the liner. 
An additional yield of 1,250 gpm., or 
31.2 gpm. per ft. of perforation, was 
secured with a 34-ft. drawdown. The 
horizontal louvre perforations thus 
show 366 per cent increase in yield per 
foot of perforated 26-in. casing over 
and above the yield obtained from 
vertical slot perforations in this part 
of the well. The combined yield is 
327 per cent of the original with a 48- 
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per cent increase in length of perfor- 
ated casing. An unknown but ap- 
reciable further increase in yield 
could have been obtained from about 
60 ft. of water-bearing strata which 
exists below the liner and above the 20- 
in. casing, but development costs on a 


Fic. 4. Moss Hydraulic Perforator Showing 
Pistons and Cutting Blades in Both 
Extended and Retracted Positions 


perforator which would go through the 
22-in. net diameter liner and expand 
to fit the 26-in. casing made the job 
prohibitive. 

Figure 4 shows three views of the 
Moss hydraulic perforator, one with 
the blades extended and the others with 
blades and pistons in retracted posi- 
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tion. Figure 5 shows the type of per- 
foration made by this machine in a sec- 
tion of well casing. It can be readily 


seen how the flow of water is generally 
upward into this type of perforation, 
since the gravel screen is made below 
the extended louvre. 


Because all sand 


«. 


Fic. 5. Section of Casing With 
Moss Horizontal Louvre Perforations 


and fine gravel particles must come to 
rest and be forced upward before en- 
tering the casing, it is possible to de- 
velop a screen and capillary channels 
in sand of l-mm. diameter. A very 
small percentage of larger-sized gravel 
will permit wider openings and less 
entrance head loss. Wells thus ‘per- 


ig 
| 
- 
7) 
= 7 


forated develop much more rapidly, 
since churning the sand bucket svon 
develops a screen and there is no 
tendency for fine sand and silt to run 
down the casing from higher levels. 

After the upper half of the well was 
ready for operation—a salvage job of 
considerable difficulty in itself—the 
most difficult part of the job still re- 
mained. An unusual break in a set of 
annealed jars occurred on the last pass 
through the collapsed section with a 
198-in. diameter smooth swage, and 
the heavy steel casting kept on going. 
After the collapsed 26-in. casing had 
been finally driven out and the 22-in. 
inside diameter liner driven into place, 
the upper part of the well developed 
and tested, a two-month’s fishing job 
began. This commenced by placing a 
34-in. dart in a slot only 3} in. wide on 
the high side of the swage some 794 ft. 
below ground. (One dart was lost 
after making contact with the slot on 
the low side of the swage.) 

In lieu of installing a proper adapter 
between the 20- and 26-in. casings dur- 
ing original construction, the 20-in. 
casing had merely been belled out by 
a large swage. This was later found 
to have produced a loose funnel con- 
sisting of a split ring of 20-in. casing 
about 12 in. high, and several smaller 
pieces bent back toward the 26-in. 
casing. The ring went down the 20-in. 
casing ahead of the swage and a num- 
ber of the smaller pieces fell in on top 
when the swage was nearly out of the 
20-in. casing. As a result the swage 
was completely locked into the casing. 
A month of careful jarring finally 
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new 20-in. casing with a spring steel 
“grass skirt” adapter, and getting the 
well ready for production. When the 
swage was finally cut out of the casing 
it had developed a 4-in. wide crack 
several inches long and it would have 
been only a relatively short time until 
the spear would have pulled out. Fig- 
ure 6 shows the results of this unusual 
fishing job. 

At this point tribute should be paid 
to the driller, whose patience and skill 
in reading vibrations in the cable played 
so great a part in the success of the re- 
habilitation job. The engineer can 
theorize about the shape and cause of 
the break, the directors can gamble a 
bit with some money in an endeavor to 
salvage past losses, the best rig and 
equipment may be furnished, but the 
best driller in the country is necessary 
to patch an egg shell several hundred 
feet underground. 

Following perforation and _ testing 
of the 26-in. casing, the well was 
cleaned to the bottom. Sixty feet of 
sand and gravel in the 20-in. casing, 
which had been considered too fine to 
perforate with a vertical slot perfora- 
tor, was made available by the Moss 
horizontal louvre hydraulic perforator. 
An additional yield at a 34-ft. draw- 
down of 600 gpm., or 10 gpm. per ft. 
of perforated 20-in. casing, was de- 
veloped by these perforations as com- 
pared with 400 gpm., or 5.8 gpm. per 
ft., obtained from the original vertical 
slot perforations in 69 ft. of coarse 
gravel. A total increase of 100 ft. of 
perforated water-bearing strata in the 
entire well, or 66 per cent of the origi- 


pulled the 20-in. casing apart below nal 152 ft. of perforations, gave an in- 
the swage and about 10 ft. below the crease in available water of from 950 to 
26-in. starting shoe, which was luckily 2,800 gpm. or 195 per cent more water 
still in a clay stratum. The job then — than originally developed with a draw- 
became a mere routine one of cleaning down of 34 ft. After rehabilitation in 
out the hole, installing and connecting September 1938, the well was put into 
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Fic. Remains of Original 20-in. Adapter 
and Swage After 30-Day Fishing Job 


production at the rate of 1,800 gpm., 
and production gradually increased to 
2,800 gpm. as there was no sand or 
silt evident in the water. Due to a rise 
in the water table in the area it has 
been producing during 1944 at the rate 
of about 2,700 gpm. with 20 ft. less 
lift than when it was rehabilitated in 
1938. Rehabilitation of this well rep- 
resents a saving of at least 80¢ per 
acre-ft. of water pumped at the present 
rate of yield, based on minimum block 
power rate savings of 5 mills per kwhr. 
and a pump lift 80 ft. less, due to flat- 
tening of the specific yield curve. This 
saving is an appreciable percentage of 
the average total charges to stockhold- 
ers of approximately $5.00 per acre-ft. 
or the average production costs of wells 
in this vicinity which amount to $3.26 
per acre-ft. 

The value of the job as a capital im- 
provement can be seen in the follow- 
ing figures: the original cost was $16,- 
230, of which the upper 600 ft. cost ap- 
proximately $7,000 and the lower 650 
ft. of 20-in. casing cost $9,230. Sur- 
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veying, swaging, installing the liner 
and sand pumping in the 26-in. casing 
cost $1,850. Perforating 20 ft. of 26- 
in. casing cost $370, making the capital 
charges for the upper 600 ft. a total of 
$9,220. To open up the 20-in. casing, 
remove the swage and install the new 
section of casing and adapter cost $1,- 
860, which together with new perfora- 
tions in 60 ft. of casing costing $690, 
made a total cost of $11,780 for the 
bottom 650 ft. of the well. The final 
cost of the rehabilitated well was thus 
some $21,000 without engineering 
charges. When yield from the con- 
tinental, or recent, and the older marine 
formations is compared with the cost 
of drilling, it appears that the lower 
water is quite expensive and that its 
development in some instances would — 


not be justified. 
Profitable Reperforating 


Well 22, a 26-in. diameter well with 
secondary strings of 20-in. and 16-in. 
casing totalling 1,050 ft. deep, was 
completed in 1937 at an approximate 
cost of $16,800. On test it developed 
so little water that some question was 
raised as to the thoroughness of the 
perforating job. Accordingly, the 
original driller returned to the job and 
made a very thorough swabbing test 
and development of each perforated 
stratum. Results of this test proved 
conclusively that perforations were 
made as specified and that the particu- 
lar strata and vertical-slot type of per- 
forations in the well were thoroughly 
developed. About 90 gpm. additional 
yield was obtained when the pump was 
reinstalled after swabbing. A com- 
plete specific yield test of Well 22 on 
May 11, 1938, showed maximum pro- 
duction of 1,850 gpm. with a draw- 
down of 150 ft. below static water 
level. Due to the nature of the gravels 
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or other undetermined 
causes, the yield curve broke rather 
steeply after the drawdown reached 50 
ft. The safe yield of the well at 40-ft. 
drawdown was only 900 gpm. The 
entire 26-in. casing was within 2 in. 
of being vertical and due to luck in the 
original perforating job (done in 
riveted casing without a seam finder) 
there were no blemishes in the 26- or 
20-in. casings. 

A study of the well log and samples 
of material brought in by swabbing, 
together with information obtained by 
questioning all persons connected with 
drilling the well, indicated that addi- 
tional perforations in material consid- 
ered too fine to cut with either the }- 
x 4-in., or ? X 4-in. vertical-slot per- 
forator commonly used could safely be 
done, and that considerable additional 
water could be developed. This work 
was completed in October 1938 and the 
well put into production near the end 
of the pumping season. 

This well as originally perforated 
had 2,471 sq.in. of perforations, or 
13.65 sq.in. per ft. of perforated casing 
totalling 181 ft. Additional perfora- 
tions at the average rate of 13.05 sq. 


in. per ft. of casing in 229 ft. of casing” 
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Fic. 8. Specific Yield Curves of Well 22 
Santa Ana Valley Irrigation Co., Orange, 


added 2,989 sq. in. of openings to fine 
sand and gravel strata. 

In this well the safe yield was in- 
creased from 900 gpm. to 2,200 gpm. 
with a drawdown of 40 ft., while the 
apparent economic yield with 25-ft. 
drawdown was increased from 600 to 
1,800 gpm. At this latter conservative 
yield the saving in drawdown of more 
than 100 ft. can be credited entirely to 
additional horizontal-louvre-type _per- 
forations in fine water-bearing sands. 
The annual power bill saving based on 
six months’ use of the well per year 
will be about $1,300, considering all 
savings to be in the lowest power block 
of 5 mills per kwhr. This is equivalent 
to a 5-per cent yield on an investment 
of $26,000. Twelve hundred dollars 
was the total cost of building special 
adapters for use with a regular 20-in. 
perforator in the 26-in. casing, making 
perforations in 229 ft. of casing op- 
posite fine sand strata, undercutting 
old perforations opposite clay strata 
below good gravel and thoroughly de- 
veloping the rehabilitated well. The 
method of flattening the specific yield 
curve by additional perforations offers 
distinct financial return if successful. 
It is more certain of success if the wells 
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have been drilled fairly recently and 
have not been over-pumped. Figures 
7 and 8 portray graphically the vari- 
ous characteristic curves of Wells 21 
and 22. 

Work was done about a year later on 
Well 11, a 20-year old nearby well of 
rather erratic performance. After sev- 
eral incipient collapses, evidenced by 
bulges into the casing, were smoothed 
out, additional vertical-slot perfora- 
tions were carefully placed between the 
old ones in the lower string of 16-in. 
casing. Additional horizontal-louvre 
perforations were made in the upper 
strata and the well was redeveloped. 
Specific yield curves made before and 
after the work indicated a loss of 20 
or 30 gpm., instead of the high per- 
centage gain shown by the other wells. 
Results on this well were inconclusive, 
but indicated bleeding from a perched 
stratum into the lower major water- 
bearing strata, and probably a carbon- 
ate cementation of sand and gravel 
particles within a large portion of the 
cone of depression around the well, 
caused by drawdown of 100 to 125 ft. 
during many years of operation. Due 
to the high cost and the uncertainty of 
success, acid treatment of the perfor- 
ated strata or shock treatment to break 
new channels through the gravel was 
not attempted, and the well is main- 
tained as a standby. 

During this period Well 17, which 
had, on some other occasions of low 
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water table, pumped air, suddenly 
dropped off in production. It too had 


been heavily over-pumped for a num- 
ber of years. The well was surveyed 
with a variable-diameter cage but no 
breaks could be found. Comparison 
of the several wells indicated that at 
certain strata which had too small a 
percentage of gravel to make a suit- 
able screen outside the vertical-slot 
perforations, an excessive amount of 
silt ran into the well, leaving a con- 
siderable cavity underneath rather soft 
clay strata. Excessive drawdown prob- 
ably pulled out nearly all water sup- 
port and clay settled down on the 
gravel cone, thus effectively shutting 
off yield from the affected stratum. 
Muddy water and lowered yield re- 
sulted when clay fell while the pump 
was running. In other wells the gravel 
stratum was sealed off by clay spalling 
off over the winter shut-down period. 
Due to improper pump bowl setting 
and capacity, unbalanced pressures too 
great for the weakened casing occurred 
when the pumps were started with the 
water table at its spring peak. Re- 
placement pumps are now purchased 
to fit the characteristic curves of each 
well. Pumping levels in general are 
being maintained above sea level, both 
to protect the basin and to equalize 
pumping costs. Column lengths are 
kept as short as feasible to prevent fu- 
ture collapse if clay strata should again 
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Cleaning and Sterilization of Water Wells 


Over the past hundreds of thousands 
of years, nature has blessed southern 
California and much of the rest of the 
state with underground basins or river 
channels from which potable, palatable 
and sterile water can be drawn in large 
quantities. This is a condition which 


should be maintained for all time. 
These underground reservoirs have 
coverings of soil, sand and gravel, vary- 
ing from a few feet to several hundred 
feet. Without the filter effect of such 
cover the underground water would be 


as foul as the surface ae which 


= 
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drain off from some of our dairy areas. 

Basic factors affecting the rate of 
spread of pollution, both bacterial and 
chemical, have been covered quite thor- 
oughly by others (1). Contamination 
of pumped water by pathogenic organ- 
isms has been the principal considera- 
tion of health departments in formula- 
tions of rules and procedure for proper 
construction of wells. The recently 
published U.S. Public Health Service 
Sanitation Manual for Public Ground 
Water Supplies (2) is a fine attempt 
to deal with a practical problem in an 
academic manner. If it confined it- 
self to a treatise on the principles in- 
volved and left proper practice meth- 
ods to more practical men whose life- 
time work has been to produce water 
of proper quality and sufficient quan- 
tity to meet the consumers’ needs, there 
would be a much better acceptance in 
the field. For example, practical drill- 
ers, knowing the extent of polluted 
upper strata which must be shut off, 
are not inclined to agree that sprink- 
ling a little chlorine solution on al- 
ready washed gravel is the answer to 
the sanitation of a gravel-packed well. 
No one can tell when the outer casing 
will rust through or be eaten out by 
electrolysis. Regulations should pro- 
vide for the maintenance of the high- 
est quality of underground basins, 
rather than specify arbitrary types of 
construction over which there can be 


legitimate differences of opinion as to 
effectiveness. 


Drillers normally seal off surface 
water in areas of high water table, but 


_ there is practically no inspection to see 


that water wells are maintained in 
proper condition throughout their use- 
ful life, and to be certain that they are 
properly plugged when abandoned. 
Large producers are generally cogni- 
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zant of their responsibilities and take 
all reasonable precautions to provide 
and maintain proper sanitary condi- 
tions around their water systems. 
The state health department in gen- 
eral has no jurisdiction over concerns 
with less than 200 services or from 800 
to 1,000 population served. Inspection 
of utilities and individuals in this classi- 
fication in general come under the 
jurisdiction of county health depart- 
ments. Los Angeles County has de- 
veloped a program to meet the needs 
of its highly developed areas which 
calls for a drilling permit to be granted 
by the county health department for all 
new wells. Bacterial examinations are 
made regularly for all producers with 
four or more services and special tests 
are done when the need arises. Among 
other things this tends to impress upon 
the owner, driller and operator the 
need for proper sanitary precautions. 


Pollution Problems 


In general a well is constructed of 
materials free of pathogenic organisms, 
This is particularly true of the Cali- 
fornia or “stovepipe” type of construc- 
tion. Rotary drilled wells, where mud, 
water and sometimes other crack-filling 
material from outside sources are 
forced into the soft gravel strata to 
maintain the hole until the casing and 
gravel are installed, offer a much 
greater opportunity to pollute or con- 
taminate underground water strata. 
“Mud engineering” is a relatively new 
development in rotary drilling. The 
principles are just as important in 
water well drilling as in its more ex- 
pensive younger brother, the drilling 
of deep oil wells. Details of practice 
in this field can be found in a recent 
issue of ee and Science Re- 
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The task of cleaning and developing 
such wells is more complicated than 
developing an ordinary well. The mud 
should be thinned down before gravel 
is installed, but there is no sure way of 
cleaning out polluted material. De- 
velopment of the well breaks down the 
mud wall in water-bearing strata, but 
there is no assurance of adequate flow 
in the gravel pack around the casing 
opposite the clay strata. Better drill- 
ing practice calls for a continuous 
string of perforated casing below the 
top water-bearing strata. For the sake 
of saving a few dollars in the cost of 
casing, many wells have been con- 
structed with only partially perforated 
casing, and in such wells the problem 
of cleaning out the mud is practically 
hopeless. If polluting material is once 
put into such a well the cost of cor- 
recting the situation is exhorbitant. 
Fortunately, water well drillers be- 
lieve in their product and normally 
take due precautions to protect the 
sanitary quality of underground waters. 
Unfortunately, some concerns with 
wastes to dispose of are prone to take 
the cheap and easy way out of their 
disposal problems, and water works 


' operators are forced into expensive 


construction and operation practices to 
correct mistakes of the past and pres- 
ent over which they have no control. 


Spreading Wells 


In this arid locality, water conserva- 
tion has a popular appeal. All meas- 
ures to secure it have their ardent sup- 
porters. The programs run the gamut 
from use of semi-treated sewage water 
for irrigation purposes and spreading 
on waste lands to the practice of drill- 
ing or digging wells and pits down into 
water-bearing strata for the purpose of 
spreading flood wastes at the infre- 
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quent times they occur. Any spread- 
ing ground acts much as a filter in a 
domestic water purification plant. 
Sediment in the water fills the larger 
pores between grains of sand in the 
pervious material; then on top of this 
are caught the larger micro-organisms. 
As a deck is built up the almost in- 
visible diatoms and bacteria, if any, 
are caught and held until the filter sur- 
face is broken up by cultivation or by 
natural means. 

When an underground water-bear- 
ing stratum is inoculated with dead or- 
ganisms and silt, it merely plugs up as 
sufficient material is forced into it. 
When, however, a water stratum is 
given a dose of living organisms it is 
possible for some forms to live and 
multiply and pass on down the water 
table surface to reappear at wells some 
distance from the point of contamina- 
tion or pollution. For this reason 
alone, water spreading is advisable at 
points in the watershed where distance 
to ground water is the greatest. In no 
event should water containing live or- 
ganisms, pathogenic or otherwise, be 
introduced directly into a water-bear- 
ing stratum. It was necessary to re- 
develop a number of water wells used 
for spreading purposes by the city of 
Los Angeles (4). The process is 
costly and sometimes unsatisfactory. 
At Calwa, Calif., ground water con- 
taminated by cesspool waste was 
pumped from a well 1,000 ft. away. 

It is no matter of civic pride in south- 
ern California to be able to point out 
that food processing plants in the in- 
dustrial city of Vernon now have to 
install a contamination string to shut 
off all water-bearing strata above 600 
ft. to be assured of water free from 
pollution caused by dumping of re- 
finery and other industrial wastes into 
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sewer wells. Chemical pollution is a 
much more serious problem than ordi- 
nary household sewage contamination. 

MacMurray (1) shows the travel 
of chemicals in underground strata 
amounting to about 300 ft. in about 2} 
years. At least three wells located 
from 3 to 5 mi. from the old center of 
industrial pollution are now producing 
water with a “turpentine” flavor which 
does not respond to any known treat- 
ment. Another domestic water well 
located in the Vernon district has been 
polluted with a disagreeable black 
waste which ate through the well cas- 
ing above the water table. Shallow 
wells in the area have long since been 
abandoned, but no one knows whether 
they were properly plugged or not. 
All odds are against it, and we may 
expect bleeding from the upper strata, 
which are replenished by rainfall, into 
the major aquifers until water from a 
huge underground basin becomes un- 
fit for human consumption. The eco- 
nomic loss caused by this condition 
should not be minimized as there are 
several service areas therein with ab- 
solutely no other present source of 
water supply. 


Organismal Pollution 


There are a few areas in southern 
California where Crenothrix, Beg- 
giatoa and some other organisms have 
for some reason found a foothold in 
underground strata. One inland oc- 
currence has been discussed by Lynde 
and Ackerman of the Pasadena Water 
Department (5). In the Coastal Basin 
near the Inglewood fault zone several 
wells are affected, and in some in- 
stances the deeper strata are worse 
than the shallow. Continuous treat- 
ment of the water is required, as all 
attempts to sterilize the area surround- 
ing the wells have so far failed. Proper 
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treatment is a serious item of produc- 
tion cost wherever the problem occurs, 

The general remedy is palliative and 
consists of heavy chlorination of the 
water. In some instances a_ rubber 
hose is run down the well to the pump 
intake. This method was successfully 
used at Santa Monica to maintain 
pump efficiency by preventing growth 
in the runners and bowl. Conditions 
in the well are now unknown since the 
city has been using softened Colorado 
River water from the Metropolitan 
Water District’s system for the past 
three years. 

The California State Health De- 
partment issued recommendations in 
1942 for sterilization of wells in flooded 
areas which provide for use of chloride 
of lime or powdered hydrated lime in 
sufficient quantity to permeate thor- 
oughly the water from top to bottom 
of the well. After standing for 24 hr. 
it is then recommended that no water 
be used until five to ten times the 
volume of water in the well has been 
pumped out. Dilution, of course, is a 
great factor in furnishing a satisfactory 
product after surface water has run 
into a well, and it is extremely difficult 
to make set rules to cover all conceiva- 
ble conditions, types and degrees of 
pollution or contamination. 


Sterilization of a Gravel-Packed 
Well 


Repeated confirmed coliform samples | 


from an army air base well near Indio 
caused some concern and two attempts 
were made to sterilize the well. This 
well had a contamination string of 10- 
gage casing, 26-in. in diameter and 
some 40 ft. in depth. Inside this was 
a 750-ft. string of 12-in. 8-gage cas- 
ing perforated from 220 ft. to 730 ft. 
Above the top perforation there were 
12 ft. of gravel and sand, and 92 ft. of 
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sand interspersed between strata of 
sand and clay. The top 265 ft. of per- 
forations are opposite a stratum logged 
as sand and clay. Some 1,550 gal. of 
3,450-ppm. chlorine solution were 
poured into the gravel pack and for a 
time a chlorine residual of 2 ppm. was 
obtained at the pump. This residual 
ceased shortly before the gravel pack 
refused to take any more _ solution 
(bridging of gravel and rotary mud or 
clay probably occurred at some point 
above the perforations). Twenty-four 
gallons of 3-per cent chlorine solution 
were then poured directly down into 
the casing and the well was then surged 
repeatedly until a residual of more 
than 200 ppm. was obtained. The well 
was then allowed to stand for 38 hr. 
before being used. Samples taken at 
this well after sterilization was com- 
plete, and again six months later, 
showed a very low plate count and no 
coliform organisms on the final re- 
ports. The army, however, continued 
to use a chlorinator to maintain the 
arbitrary 0.4-ppm. requirement of the 
U.S. Public Health Service. 

Yield of the well was 400 gpm. so 
it can be seen that about 4-min. pro- 
duction was necessary to plug up the 
gravel pack above the perforations. 
The cause of the contamination was 
not determined. Consideration of the 
above details indicates the difficulty of 
securing complete sterilization of such 
a well if polluted strata exist or if any 
improper materials were used in its 
construction. 

All of such treatment is expensive 
and of questionable effectiveness with- 
out long-continued laboratory control. 


Industrial Pollution 

Pollution of underground water is, 
however, a problem which faces every 
water works in southern California. 


REHABILITATION OF 


WELLS © 


The growth of heavy industry, with 
pickle vats, plating works, oil residue, 
wash water of all sorts, together with 
existing citrus waste disposal and 
many other chemical processes, are 
overloading existing sewage disposal 
works. The trend is definitely toward 
more of such pollution of underground 
basins and unless prompt measures are 
taken to make technical studies, water- 
shed by watershed, and to provide 
adequate disposal facilities for all 
types of industrial wastes, the time will 
come when water works operators will 
be faced with a problem of reclaiming 
second-hand water for drinking pur- 
poses. 

In 1943 about 10 per cent of the 
orange crop was set aside for juice by 
government order. The heavy con- 
centration of orange waste in a few 
plants has caused disruption of normal 
sewage treatment and has resulted in 
dumping of the refuse in irrigation 
canals, orchards and dumping grounds. 
Such organic acid wastes, under proper 
soil-laboratory control, are good for 
alkaline soils, but when the disposal 
dumps are large and used for many 
years a threat exists to the quality of 
underground water. In one recent in- 
stance, the operator of a sewage dis- 
posal plant (whose effluent is spread 
on a gravel plain downstream from the 
plant) complained that drinking water 
from a shallow well at the plant tasted 
like orange juice. Examination of the 
area later on disclosed a long aban- 
doned well under a nearby orange 
dump. Fortunately there are no do- 
mestic wells near the effluent spread- 

Tele 
Economic Loss 

The economic loss to the community 
by permitting such conditions to occur 
far outweighs the cost of proper pre- 


vention. Water in a surface reservoir 
can be treated with various chemicals 
to restore it to potable condition in the 
event that polluting material is dumped 
into it. Samples can be taken readily 
at all desired locations and a complete 
study can’ be made before water is re- 
leased to the consumers. On the other 
hand, try to visualize the difficulties 
and cost of determining the extent, 
both laterally and vertically, of pollu- 
tion of a slowly-traveling underground 
body of water. 

Those of us engaged in the water 
business on the coastal plain are be- 
tween two fires. On the one hand, due 
to overpumping in some areas, there 
already is positive proof of encroach- 
ment of ocean water. Heavy industrial 
demands already have speeded up this 
saline encroachment, and the end is 
not yet in sight. On top of the ground, 
industrial wastes have been released 
into normally dry river beds and storm 
drains to relieve load on inadequate 
sewage disposal systems. These 
wastes have killed a number of cows 
who were inadvertently thirsty before 
the water had filtered down to the 
underground basin, been altered and 
diluted and pumped back up to the 
cattle troughs. 

Proposed industrial development, 
extending as far as 60 mi. inland, will 
ultimately affect the cost and quality 
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of all underground and the few surface 
streams between the mountains and the 
sea. Unless the quality of water re. 
sources of the area, together with the 
quantity, are soon intensively studied, 
with adequate laboratory and technica] 
facilities and personnel, water users in 
the path of migrating bodies of under- 
ground water are apt, within the fore- 
seeable future, to find their entire pro- 
duction capital wiped out. Steriliza- 
tion of water wells is then in its larger 
aspect a preventative measure and one 
to be undertaken at its true source, 
Active work cannot begin too soon to 
determine the full extent and serious- 
ness of the problem, and to devise 
measures to prevent the necessity of 
water treatment plants for every well 
in the country. 
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emergency chlorinator’ at pumping station 
started. Hand-bills printed, advising citizens 
to boil all water used for drinking purposes 
and prohibiting sale of milk that had not been 
pasteurized. Air-raid wardens distributed 
hand-bills to every home in city. A.T. & 
S.F. R.R. immediately ordered to discontinue 
use of Newton water on passenger trains 
until proved safe for drinking purposes. 


City water supt. given instructions to shut off 
all public drinking fountains and immediately 
open fire hydrants and flush out water mains. 
Early studies of case reports revealed massive, 
generalized, sudden and severe epidemic of 
dysentery. 


Avg. case persisted for approx. 


system. On Sept. 18, 4 days after emergency 
chlorination started, tests showed that satis- 
factory chlorine residual being maintd. in all 
parts of city. Repeated satisfactory bact. 
anals. having been obtained, water released 
as safe, Sept. 19. Bit of information, which 
proved of extreme importance, received from 
Santa Fe Railway water dept. employee who 
said that sewer block had occurred at Mexican 
village on southwest outskirts of city about 
time that dysentery cases developed in city. 
On Sept. 20, inspection of water supply, 
plumbing and sewage disposal of Mexican 
village made by our san. engrs. Contrary to 


previous statements by city officials that no | 


change had been made to distr. system, fur- 
ther information uncovered fact that changes 
made on 2 main supply lines entering city at 
point close to Mexican village. It developed 
that on Sept. 7 an 8” stub and valve removed 
and replaced with 20” stub and valve. Water 
pressure was off 9 hr. while these changes 
made. On Sept. 8, found that 20” gate valve 
had slipped and section of 14” supply line 
again taken out of service for more than 3 hr., 
during which time 20” gate valve straight- 
ened and permanently anchored. Work per- 
formed by private contractor, under super- 
vision of city water supt. Investigation 
showed that service connection came from 
this 14’’ main to Mexican village and supplied 
3 frost-proof hydrants and two water-closets 
equipped with 12 frost-proof toilets. Frost- 
proof hydrant pits and each of pits under 
water-closets had drain connection to san. 
sewer, which had previously been blocked. 
Evidence that these pits had been filled with 
sewage so that it had covered drain openings 
in valves of frost-proof hydrants, and also 
drain connection. in frost-proof toilets, still 
remained at time of our inspection. Hydrants 
were only source of water for Mexican families 
and water-closets used by approx. 112 persons 
living in village. In reconstr. of situation, 
when water pressure was off on Sept. 7 and 8, 
persons in village, attempting to get water, 
left them open; this, in turn, allowed sewage 
backed up in box to flow through drain open- 
ing into water main. Not unreasonable to 
assume that person attempting to get water 
and finding it shut off would leave valve open, 
allowing continuous flow of sewage through 
drain opening. That these valves were open 
brought out in later testimony by worker on 
mains, who turned them off when main put 
into service. Persons using water-closets 
would automatically operate valves controlled 
by seat and thus allow sewage to flow into 
water main. Each time water main was out 
of service, only small amt. of water flushed 
out of line before it was placed back in service, 
and no attempt made to sterilize it. Levels 
run on mains and water take-off to Mexican 
village. Since elevation of water main lower 
at point of this connection than where stub 
changed, considerable amt. of sewage would 
remain in water main after line again in 
service. We know, from study of recording 
manometer on distr. system, that uniform 
water pressure being maintd. under great 
difficulties. In fact, this led to changes made 
in distr. lines to include addnl. storage tank 
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near Mexican village. As result of Newton 
epidemic: (1) State legislature passed new 
laws giving addnl. authority to State Board of 
Health to supervise public water distr. sys- 
tems. (2) Local funds made available for 
health unit. (3) City plumbing code revised 
and put in force, elimg. all cross-connections, 
(4) Water specimens being taken at weekly 
intervals at designated places in distr. system, 
(5) Emergency chlorination of city water sup- 
ply became permanent procedure. Summary; 
(1) Outbreak of more than 3000 cases of 
dysentery, with several deaths at Newton 
evidently caused by sewage entering water 
distr. system of city through frost-proof hy- 
drants and water-closet valves. (2) Failure 
of water dept. to sterilize or flush that portion 
of distr. system where changes had been made, 
led directly to heavy infection of public. (3) 
Hazardous cross-connections, found in distr, 
system at times of low pressure, without 
chlorination, may have been responsible for 
previous sporadic cases of intestinal disturb- 
ance. (4) Great no. of war workers absent 
from their jobs for several days; unknown no, 
of soldiers and civilians infected; ordinary 
business of city disrupted for period of 3 days; 
and important transcontinental trains, many 
of them troop trains, delayed avg. of 1 hr, 
while taking water at nearby safe supply. (5) 
With institution of proper public health pro- 
tection measures, epidemic quickly subsided 
with no further outbreak of cases reported 
from city.—Ed, 


Recommendations of Joint Committee on 
Rural Sanitation—-Rural Sewage Disposal. 
Anon. U.S. Pub. Health Rpts. 58: 417 
(Mar. 12, '43). Of all factors influencing 
health in rural and urban areas where public 
sewers unavailable, none of greater importance 
than proper disposal of human excreta. Ty- 
phoid, dysentery and diarrheal types trans- 
mitted by contact through fecal contamn. of 
food and water, largely due to improper dis- 
posal of human wastes. Latter must be dis- 
posed of so as not to: (1) contam. any drinking 
water supply; (2) cause public health hazard 
by accessibility to insects, rodents or other 
possible carriers coming in contact with food 
or drinking water; (3) cause nuisance by odor 
or unsightly appearance; (4) pollute or con- 
tam. waters of bathing beach, shellfish breed- 
ing ground or stream used for public or 
domestic water supply or for recreational 
purposes; or (5) violate laws and regulations 
governing water poln. or sewage disposal. 
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Com. studied various sewage disposal devices 
for rural area use and made recommendations 


| according to water-carriage and non-water- 


carriage methods. Included under former: 
septic tank, subsurface disposal field, seepage 
pit, dry well and cesspool. Under latter: 
chem. toilet, earth pit, masonry vault, pail or 
can and cremating latrine or incinerator type 
privies. Adequate inspection of all features 
presupposed. Use of substitute materials 
necessary, in some instances, in lieu of recom- 
mended materials to conserve critical mate- 
rials. Most satisfactory and convenient 
water-carriage system one of piping through 
which all sewage and domestic wastes con- 
veyed by water flow from origin in human 
habitation to disposal point. Most efficient 
method of disposal from individual dwellings 
and public bldgs. in rural areas without public 
sewerage system adequate sized septic tank 
with properly designed field system for effluent 
disposal according to local needs and soil 
type. Where only very restricted yard or lot 
areas available, seepage pits or combination 
of subsurface disposal fields and seepage pits, 
or even cesspools with seepage pits must be 
designed. Tight clay soils offer perplexing 
problems re safe and satisfactory disposal, 
often serious where no. of dwellings contem- 
plated on adjoining lots where individual dis- 
posals proposed for subdivision developments. 
Soil conditions must be carefully checked by 
percolation tests to det. porosity, an impor- 
tant consideration in design to prevent satd. 
soil conditions possible to result in public 
health hazards. Design of any individual sew- 
age disposal system must consider location in 
relation to wells or other water supply sources, 


| topography, soil conditions, area available 


and max. living capac. of bldg. served. Where 
soils impervious and suitable unobstructed 
yard area limited, must consider constructing 
public or community sewerage system. 


' Plumbing system, grease interceptor, bldg. 


drain and sewer described. Function, loca- 
tion, design and other features of septic tanks, 
field distr. boxes, surface disposal fields, dis- 
posal trench, seepage pit, dry well and cess- 
pool detailed. Majority of engrs. consider 
septic tank with subsurface disposal field most 
satisfactory method of sewage disposal from 
small installations and isolated rural bldgs. 
where public sewers unavailable. Contrary 
to general belief, septic tanks should not be 
depended upon to remove disease-producing 
bacteria from sewage. Liq. capac. should be 
based on daily sewage contribution per capita 
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in: dwellings, 50 gal.; camps, 25 gal.; and day 
schools, 17 gal. These provide space for 
2-yr. sludge accumulation and addnl. vol. 
equal to 24-hr. sewage flow. Min. size tank, 
however, 500-gal. field distributing box or 
chamber box receiving septic tank effluent 
and from which sewage enters subsurface | 
absorption lines, permitting regulation flow | 
into latter and inspection of tank effluent 
qual. Constr. detailed. Subsurface disposal _ 
system open-jointed one of pipes or drains © 
through which sewage effluent distributed be- 
neath ground surface for absorption into soil. | 
Design feature detailed. To make soil per- _ 
colation test: (1) Excavate hole 1’ square to 
depth of proposed disposal trenches, <o 
exceeding 36”. (2) Fill hole with water at_ 
least 6” deep and allow to seep away. Judg-— 
ment required in detg. how test soil conditions — 
vary from yr.-round avg. Where soil excep-_ 
tionally dry or conditions questionable, use 
greater water depths or repeat test. Make 
no tests in filled or frozen ground. Where 
fissured soil formations encountered make — 
tests only as directed by and under supervision — 
of state health dept. representative. (3) _ 
Minutes required for water to seep away com- — 
pletely, divided by total in. of water placed in | 
hole, gives avg. time required to drop 1’. 
This value referred to table showing effective 
absorption area each individual system re- | 
quires per person for residences, camps or © 
schools. Items under non-water sewage dis- — 
posal methods detailed according to function, 
location, constr. and other considerations in — 


specific cases.—Ralph E. Noble. 


Physical Examination of New Employees to 


Meet Wartime Conditions. H. B. Barp-— 
WELL. Ed. Elec. Inst. Bul. 11: 225 (Aug. © 
'43). Indus. accident prevention receiving 


greater attention directed toward education of | 
employees and pre-employment mental and | 
phys. fitness. Complete mental and phys. _ 
examn. recommended which includes com- _ 
municable diseases and x-rays to discover 
other defects which might handicap employee Ph 
or render him poor risk from workman's com- - 
pensation standpoint. Pre-employment ex- 
amn. of greater importance now due to hiring : 
of older workers and 4F's for replacement of © 
younger men entering military services. 4 
Maint. of employee's health increasingly im- _ 
portant during manpower shortage. Periodi- ) 
cal phys. examn. of all employees and follow- 
up to assure correction of defects and abnormal 
conditions recommended. Suggests that non- 
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occupational sickness and injuries present 
vast field for human eng. by our safety engrs. 
—RH. J. Chapton. 


Fluorine Dosage in Public Water Supplies. 
Anon. Wtr. & Wtr. Eng. (Br.) 47: 404 
(Sept. 44). Opinions as to value of fluorine 
dosage in water supplies not in accord. 
Norman J. Howard has stated case in which 
sodium iodide added to water supply to reduce 
goiter had, by chem. reactions, achieved re- 
duction of its own value. Medical evidence 
is in favor of fluorine dosage. In England 
dental fluorosis first noted in ’28 and '33 at 
Maldon. At Tientsin Clark reported for '34 
on suspected presence of fluorine in artesian 
well supplies. Investigation into dental 
fluorosis is being carried on in U.S. In 
Mich. survey by Dept. of Health in progress. 
N.Y. State Dept. of Health has decided to 
test efficacy of sodium fluoride added to public 
water supply in arresting decay in children’s 
teeth. Canada also beginning to be inter- 
ested in fluorine question. Ontario Dept. of 
Health, in collaboration with Toronto Univ., 
undertaking survey to det. effect of fluorine in 
soil, water and food in retarding dental decay. 
—H. E. Babbitt. 


Research and Control. NorMAN J. How- 
ARD. Can. Engr.—Wtr. & Sew. 80:12:16 
(Dec. 42). Credit for reducing toll of water- 
borne diseases should be shared equally by 
health officers and san. engrs. Infective or- 
ganisms reported in sewage effluents for long 
periods after epidemics of water-borne disease 
brought under control among contributing 
pops. In one instance, pathogenic bacteria 
present in considerable numbers 2 yr. later. 
This provides strong argument in favor of 
continuous disinfection of sewage effluents. 
Investigations made by Metropolitan Water 
Bd., London, Eng., some years ago showed 
that uncultivated typhoid bacilli, i.e., those 
discharged directly by typhoid fever patients 
or carriers, die more readily in water than 
typhoid bacilli which have been grown on 
artificial media. Raw river water was con- 
tamd. with urine of typhoid carrier and ex- 
posed to sunlight in large concrete tank 
erected in open air. Concn. of typhoid bacilli 
was reduced from 770,000 per ml. to 4 within 
1 wk. and cultures made after 14-28 days neg. 
Cultivated typhoid bacilli survived for 5 
wk. under comparable conditions.—R. E. 
Thompson. 
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Sanitation in Latin-America. GORDON 
Farr. Eng. News-Rec. 130: 210 (Feb. 11, 
43). Interesting acct. of activities of Div. of 
Health and Sanitation of Office of Inter- 
American Affairs, to which author consultant. 
Success of program of exploiting hemispherical] 
resources predicated upon adequate protection 
of workers in tropical areas against hazards of 
environment. For instance, to increase pro- 
duction of rubber and permit resettlement of 
Amazon Valley, control of malaria imperative, 
In Brazilian reaches of Amazon, malaria con- 
trol organization of Brazilian Govt. and Inter- 
national Health Div. of Rockefeller Founda- 
tion already in existence and hitherto un- 
known feat of completely eradicating malaria- 
carrying mosquito, A. gambiae, accomplished. 
Such complete success in whole Amazon Basin 
hardly expected, but every known means of 
treatment and control will be employed. 
General sanitation—water supply, waste dis- 
posal, etc.—must, of course, accompany ma- 
laria control work. Similar smaller projects 
under way in other regions of Americas.— 
R. E. Thompson. 


Court Decision on Public Health. Public 
Water Supply—Protection Against Pollution— 
Reasonableness of State Board of Health Regu- 
lations. U.S. Pub. Health Repts. 58: 1666 
(Nov. 5, (N.H. Supreme Ct., Willis v. 
Wilkins et al., 32 A. 2d 321; May 4, '43). 
Town of Pembroke obtained pub. water sup- 
ply from certain great pond. Petitioned 
N.H. State Bd. of Health for water supply 
regulation under statutory provisions, al- 
leging pond contamn. potential. Subse- 
quently, bd. prohibited swimming and 
bathing in pond and forbade erecting and 
maintg. structure upon pond ice. Riparian 
owners sought to have regulations declared 
void and requested equitable relief. Ulti- 
mately case reached state supreme ct. which 
held: (1) rights affected comprised those 
which plaintiffs enjoyed primarily as mem- 
bers of pub. along with certain incidental 
rights possessed as riparian owners, even 
though lands might be less valuable because 
such rights curtailed; (2) unimportant that 
formal notice of investigation by state bd. of 
health not served upon plaintiffs as riparian 
proprietors; (3) plaintiffs’ contention that bd. 
erred in not granting certain requests for 
findings of fact and rulings of law was without 
right and bd. could adopt summary procedure 
if desirable; (4) immaterial that certain bd. 
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members participating in final deliberations 
did not hear all testimony at both hearings, 
as bd. could act on own inspection and knowl- 
edge, not obliged to hear any party, and could 
obtain information from any source in any 
way; and (5) according to record, plaintiffs 
failed to show bd. acted illegally as to juris- 


diction, authority or law observance. Ct. 
also held, however, regulations could not 
stand if indisputably unreasonable. Evi- 
dence re self-purif., lowered intake, and 


chlorination, etc., excluded by master as 
immaterial. Importance of pub. benefit 
which regulations sought to promote should 
be balanced against seriousness of restricted 
private right to be imposed. New trial 
ordered.—Ralph E. Noble. 


Alkyldimethylbenzylammonium Chloride as 
a Sanitizing Agent for Eating Utensils. 
RONALD M. MacPuHerson. Can. Pub. Health 
J. 35: 198 (44). Tests carried out in food- 
dispensing establishments, hotels and one hos- 
pital (where there were cases of measles, scar- 
let fever, whooping cough and_ possible 
meningitis) showed that hand-washed eating 
and drinking utensils can be effectively sani- 


Water Supply——Economic and Social Influ- 
ences. DELWYNG. Davirs. Surveyor (Br.) 
103: 247 (May 26, '44). (Abstracted, Jour. 
A.W.W.A. 36: 1011 ('44).) Discussion. Wr. 
& Wtr. Eng. (Br.) 47: 350 (Aug. ’44).  P. 
Porteous: Author has striven to formulate 
generalizations from statistics which, being 
affected by so many imponderables, not cap- 
able of simple interpretation. For example, is 
it not misleading to postulate from flimsy evi- 
dence that ‘‘we may expect per capita con- 
sumption increase of about 0.375 gpd. (Imp.) 
for each 1% increase in proportion of dwellings 
with baths?’’ Statement that water supplied 
by Metropolitan Water Board safest in world 
will no doubt evoke some modest claims from 
undertakings in other parts of country. G. 
Peat: Dairy farming probably greatest con- 
sumer of water in agric. industry. Figures 
given by author as daily needs of dairy cow, 
viz., 40 to 50 gpd. (Imp.), seem very high. 
Meters installed, unknown to consumers, on 
supplies to several modern dairy farms in 
south of Scotland in '43. Where water from 
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tized by rinsing them in aq. soln. contg. alkyl- 
dimethylbenzylammonium chloride in concn. 
of 1: 5000. Conens. of this product do not 
seem to be greatly affected by addn. of org. 
matter. Ice cream scoops can be effectively 
sanitized by use of this chem. Disinfecting 
value of product does not appear to be affected 
by prolonged periods of use. Test kit devised 
for field detn. of concn. of chem. in rinse solns. 
as follows: to 0.5 ml. of rinse soln. add 2.5 ml. 
N NaOH, shake, add 3 ml. ethylene dichloride 
or CHCl, shake, add 0.02% bromothymol 
blue one drop at a time and shake after each 
addn.; end-point reached when aq. layer re- 
mains blue.—C.A. 


Progress Being Made by Federal or State 
Authorities on Regulations Pertaining to Rail- 
way Sanitation. H.W. VAN HOVENBERG ET 
AL. Am. Ry. Engr. Assn. 45: 441: 48 (Nov. 
43). Reference made to Drinking Water 
Standards and Sanitation Manual for Land 
and Air Conveyances in Interstate Traffic as 
promulgated by U.S. Public Health Service 
on Dec. 3, ‘42. Program for research on 
excreta disposal from cars at terminals and 
vards outlined.—R. C. Bardwell. 


cooler run to waste, consumption per cow was 
between 25 and 30 gpd. (Imp.). Where not 
run to waste, 15 gpd. (Imp.) found sufficient. 
Author gives figures of 2000 gal. (Imp.) per 
mi. as loss in pipe reticulation. In rural part 
of writer’s area where there are approx. 30 mi. 
of pipe per 1000 persons, much lower loss 
occurs in relatively new distr. system.—H. E. 


Babbitt. 


Water Supply Control and Development. 
ALFRED B. E. BLACKBURN. Surveyor (Br.) 
103: 361 (July 28, ’44). National water sup- 
ply service would be assured through Public 
Water Supply Board, assisted in each region 
by Dist. Public Water Supply Board with 
members elected by statutory water supply 
undertakings in region. Principal defect of 
existing system is that there is no single body 
charged with co-ordinating various river in- 
terests to assure that rivers used to best ad- 
vantage of all. Debatable whether in na- 
tional interests all power of central water 
authority should vest in Minister of Health. 
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Some assert that only solution worth putting 
on statute book is complete nationalization of 
water sources and supplies. Most of us con- 
cerned with immediate future and difficulties 
of maintg. adequate supplies. There will be 
3 periods facing us: (1) When war contracts 
cease and mfrs. have to change to peacetime 
work. (2) When industry will be unable to 
cope with work required and competition to 
get orders filled will be intense. (3) At some 
time in future industry may be in position to 
overtake areas and supply will exceed demand. 
There is a strong and growing feeling against 
any postwar system involving a large meas- 
ure of control by government depts.—H. EF. 
Babbitt. 


Water Supply: Does It Tend Toward Re- 
gionalization? Lewis CostLry. Wtr. & 
Wtr. Eng. (Br.) 47: 255 (June ’44). Six local 
authorities within boundary of largest local 
authority. Storage and distr. of water within 
this area begun nearly century ago. Most of 
these 7 local authorities under obligation to 
afford their supply areas: (a) bulk supplies to 
adjacent authorities; (b) free supplies to local 
authorities through whose areas their mains 
pass; (c) supplies to isolated premises which 
stand near their mains; (d) free supplies to 
estate premises through which their mains 
traverse. Doubtful if all local authorities 
could supply their compulsory obligations. 
Close co-operation has developed between 
most authorities. Need for addnl. supplies 
acknowledged. Recommendations: (1) Ad- 
ministration: (a) separate council to be elected 
by local authorities; (b) consolidation of pri- 
vate acts to be explored; (c) committee of 
tech. advisers. (2) Management: (a) supply; 
(b) distr. (3) Finance: (a) control of expen- 
ditures vested in council; (b) some form ot 
preferential rating to be followed by common 
rate over whole area.—H. E. Babbitt. 


Watersheds and Local Governments. C. 
G. Lynam. Engineering (Br.) 158: 115, 144 
(Aug. 11, 25, ’44). Water supply only one of 
many eng. and local govt. problems which 
finally affect and are affected by regime of a 
river. Only one topographical unit which is 
self-contained and in which these problems 
can be solved completely and that is water- 
shed of river. Imperceptibly, but continu- 


ously, peak floods of British rivers become 
higher from decade to decade and concomitant 
dry weather flow lower. 


Use of water power 
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always affects river's regime to some extent, 
Water supply, sewerage and sewage disposal 
form single problem. Fishery conservation 
minor matter. River crossings of interest to 
watershed and responsibility for them must lie 
on regional authority. Even on trunk routes 
natl. govt. could confine itself to indicating 
areas to be served and leave details of design 
and site of river crossings to regional author- 
ity. Most large ports lie on rivers. Even 
canals lie mainly in one valley. French depts, 
based on rivers. One striking result of grow- 
ing centralization of govt. has been increase 
in number of ad hoc authorities. Increase 
greatest present menace to liberty. Essence 
of democracy that questions of purely local 
interest should be settled by those concerned, 
Delegation of responsibilities to regional au- 
thorities would greatly relieve pressure on 
natl. govt. Installation of regional system 
would entail abolition of all existing local 
boundaries which would be no bad thing for 
few of them have any geographical, economic 
or social basis. To abolish existing local 
authorities would not be as difficult as might 
be imagined. Main difficulties are personal 
ones. Civ. engr. must help in directing this 
spirit of change to useful and practical ends.— 


H. E. Babbitt. 


Sewerage in Relation to the National Water 
Policy. R. G. Murpocu. Surveyor (Br.) 
103: 273 (June 9, '44). Of 4 broad objectives 
proposed in national water scheme, 2 concern 
sewerage and sewage disposal. These are: 
(a) further extension of public water supplies 
and sewerage in country dists. and (b) better 
management of rivers which will include pre- 
vention of poln. of rivers. Proposed grant-in- 
aid provides for sewerage as well as water 
supply. Experience shows that small treat- 
ment plants serving 25 to 100 houses fre- 
quently have deleterious effect on streams 
by reason of inferior effluent passed to wa- 
tercourses. Most desirable that sewerage 
schemes be considered on regional basis so 
that existing evils not perpetuated. Numer- 
ous inland waterways contamd. by storm- 
water overflows constructed on combined 
sewerage systems. If overflows could be re- 
stricted to main sewers, many short local 
rainfalls of high intensity could be accom- 
modated in large sewers where spare capac. 
would be available. Solution would be sim- 
ple if separate system could be substituted for 
combined system.—H. E. Babbitt. 
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Rural ~-Water Supplies and Sewerage. 
Anon. Surveyor (Br.) 103: 282 (June 16, 
'44). Rural Water Supplies and Sewerage 
Bill read third time in House. Stewart said 
that under bill it appeared that no grant could 
be made for sewerage works unless needed to 
support water scheme. Chapman said that 
river poln., land drainage and indus. effluents 
did not come within scope of bill. Stewart 
moved amendment making mandatory to 
supply wholesome water in pipes not only to 
private dwellings but also to agric. and hortic. 
bldgs. Amendment negatived. Minister of 
Health said he was satisfied legislation would 
bring enormous benefits to countryside within 
Sor 6 yr.—H. E. Babbitt. 


The Sources of Water Supply to the London 
Area. H. A. P. HETHERINGTON. Wtr. & 
Wtr. Eng. (Br.) 47: 335 (Aug. ’44). Present 
sources of water supply to London area: River 
Thames, River Lee, deep wells drawing from 
chalk and upper and lower greensand forma- 
tions, shallow wells and collecting systems in 
river gravels. Of 313 mgd. (Imp.) supplied 
by Metropolitan Water Board in yr. ending 
Mar. 31, '39, 65.2% obtained from Thames, 
18.3% from Lee, and 16.5% from wells and 
Chadwell Spring. Large numbers of factories, 
fats and offices supplied from private wells, 
30 to 40% of rainfall represented by runoff 
and ground water increment and can, within 
limits, be abstracted for use. Pumping from 
underground sources causes local depression in 
water level immediately adjacent to point of 
abstraction and has distant effect by causing 
reduction of runoff from catchment area 
whence supply derived. Abstraction of water 
from Thames controlled to allow min. flow of 
170 mgd. (Imp.) (subject to modifications) 
over Teddington Weir. Whole of flow from 
Lee, except that required for navigational 
purposes, frequently abstracted. Chadwell 
Spring, in 1613, probably yielded 10 mgd. 
(Imp.) or more, whereas now only 0.57 mgd. 
(Imp.). Flow in certain rivers reduced by 
pumping from wells. Thames at Teddington 
probably affected only slightly. Rivers Lee, 
Cray and Darent undoubtedly affected. 
That considerably more water absorbed on 
outcrops of chalk than is pumped from under 
London evidenced by fact that springs still 
flow at original sites. More water could be 
pumped from London Basin than at present 
but only at expense of flow into adjacent 
rivers. Direct consequence of uncontrolled 


pumping from underground sources is reduc- 
tion in yield of shallow wells, abandonment of 
a number of them with resulting possible 
sources of poln. Fall in level has resulted in 
influx of estuarine water into chalk. Paper 
emphasizes necessity for establishment of 
body with powers to regulate abstraction of 
water from wells.—H. E. Babbitt. 


The Water Shortage. Anon. & Wtr. 
Eng. (Br.) 47: 233 (June '44). Rainfall was — 
only 21% of avg. in Mar.; driest Mar. of © 
century, with exception of '29 when no rain 
fell. Difficulty now is serious shortage of rain- 
fall during last 3 mo. of '43, superimposed on 
dry period of 3 yr. These seasonal water 
shortages not natural phenomena and can be 
averted. In “drier side of Britain’? where 
rainfall is less than avg. for whole country, 
demands approaching 100% of water re- 
sources. National planned system would 
elim. periodical shortages. Rural parishes 
hardest hit. Larger towns seem to be all 
right for present.—H. E. Babbitt. 


Metropolitan Water Board. Restrictions 
on Use of Water. ANon. Wer. & Wtr. Eng. 
(Br.) 47: 316 (July ’44). In consequence of 
unusual drought Board suspending until \ur- 
ther notice authority to draw or use waver: a 
(1) Through or by means of any hose, mov-— 7 
able pipe or mech. app. in connection with — 
watering of garden, sports area or allotment; > 

washing of any vehicle; cleansing of any pave- 
ment part of street. (2) In connection with — 
fountain or any ornamental purpose. Re- 
strictions do not prohibit use of tap so long as | 
no hose attached to it. Watering gardens by i 
means of watering cans permitted.—H. EF. — 
Babbitt. 


Euglena at Ryton Water Works. A. T. 
PaLin. Wtr. & Wtr. Eng. (Br.) 47: 263 (June a 
44). Outbreak of euglena occurred on Oct. 4, — 
‘43, at 9 a.m. Growth must have developed 
in few hr. Copper sulfate applied in alum 
soln. to raw water in continuous dose of 2 
ppm. (as CuSO,.5H.O). Alum dose raised 
from 1 to6gpg. (Imp.). Treatment not com- 
plete success. In meantime expts. carried out 
on lab. scale with following results: (1) Coagu- 
lation and settlement with alum up to 10 gpg. 
(Imp. ) not successful. (2) Water dosed with 
5 ppm. Cl, and 6 gpg. (Imp.) alum, while an-— 
other sample dosed with 6 gpg. (Imp.) alone. 
In chlorinated sample supernatant clear and ; es 
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colorless, while unchlorinated sample settled 
poorly and had marked green haze. (3) 
Four samples dosed with 0, 1, 2 and 5 ppm. 
Cl, and then each with 3 gpg. (Imp.) alum. 
Remarkable results obtained with 5 ppm. Cle. 
Fact that when treatment not properly ap- 
plied conditions became as bad as ever es- 
tablished efficacy of process. Euglena be- 
come non-motile before alum begins to floccu- 
late. Coagulation and settlement with alum 
alone will remove less than 50% euglena, even 
under best conditions. 5 ppm. of Cl, added 
with alum produces good results. Essential 
to add Cl, before or at same time as alum. 
Copper sulfate added with alum gives prac- 
tically no more improvement than alum alone. 
Unfortunate effect of pre-chlorination was 
taste and odor in final water caused by large 
numbers of euglena. Activated carbon used 
in dose of 5 ppm. added to settled water before 
filtration. Treatment not successful. Higher 
doses, if applied, would have shortened filter 
runs. When pre-chlorination introduced to 
deal with euglena, Cl, demand partially satis- 
fied at that point. Hence, with same dose ot 
Cl, after filtration higher residuals began to be 
obtained in final water. After de-chlorination 
taste almost completely removed. The few 
euglena present in final water completely 
bleached. Difficulty of ‘‘break-point’’ chlo- 
rination with high doses is that paradoxical 
situation may arise where slight fall in dose 
may result in enormous increase in residual. 
Same might occur where raw water changing, 
particularly in respect to its ammonia con- 
tent.—H. E. Babbitt. 


London’s Drought Troubles. ANon. Sur- 
veyor (Br.) 103: 294 (June 23, ’44). In state- 
ment at meeting of Metropolitan Water 
Board, Franklin indicated London might be 
in for its worst drought in 60 yr. If present 
consumption continued reserves would be 
depleted by over 100 mgd. (Imp.). All avail- 
able water would be exhausted before end of 
Aug. From now on no one would be per- 
mitted to use hoses or mech. equip. for water- 
ing gardens or sports areas, for washing 
vehicles of any description, for washing down 
pavements, etc.—H. E. Babbitt. 


Water Supply and Sewerage in Northern Ire- 
land. Proposed Regional Authorities. ANON. 
Surveyor (Br.) 103: 160 (Apr. 7, 44). Setting 
up of regional water and sewerage authorittes 
recommended by Planning Advisory Bd. ap- 
pointed by govt. Committee views that 
province should be divided into 4 regions. 
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In detg. areas consideration given to existing 
administrative boundaries. Each region large 
enough to afford competent technical staff. 
Authorities should be statutory and consist of 
representatives of urban and rural councils 
within region. Indus. undertakings which 
own private sources of supply should be al- 
lowed to continue to use them. Many objec- 
tions to creation of addnl. taxing authorities, 
Regional authority should cover expenses by 
charging each rural and urban authority 
equiv. to amt. raised through existing local 
taxes. Would not be feasible to fix flat rate 
for each regional area.—H. E. Babbitt. 


Experience With the Cumasina Plant at a 
Central Drinking Water Supply Plant. Bor- 
GOLTE. Gesundh.-Ing. (Ger.) 66: 305 ('43), 
Raw water subjected to action of free Ag and 
Cl liberated in electrolytic cell having Ag 
plate anodes (two, each 200-250 g.) and 
cathodes of indifferent metal. This cell de- 
signed for flow of 50 cu.m. H,O per hr. The 
d-c. voltage used on cell was 65 v. and current 
0.3 to 0.5 amp., 4 times as much current as 
recommended. Water passed into reservoir 
large enough to permit 6-hr. storage. Cost 
of Cumasina plant 2000 R.M. and monthly 
operating cost about 100-110 R.M. Plant in 
use 3 yr. with hygienically satisfactory results 
in spite of defective filter operation, leading to 
turbidity. Reduction in bact. count marked, 
and completely sterile water can be secured 
with sufficient holding time. Plant simple 
and neat and can be operated by unskilled 
persons. Cost within means of small com- 
munities and system should be more generally 
adopted.—C.A. 


Problems of the Economics of Power and 
Water in Western Poland. A. F. Myer. 
Gas-u. Wasser. (Ger.) 84: 350 ('41). Sum- 
mary of a paper by H. KEMMER. Z. Offentl. 
Wirtsch. (Ger.) 8: 29, 57 (’41). Deals with 
distr. and supply of gas, electricity and water 
in western Poland. In some towns, such as 
Litzmannstadt, no central water supply. 180 
water works in country of which 34 in western 
Poland. As result of low rainfall in this dist., 
(500 mm. per yr.) little ground water. Town 
of Posen lies at center of brown-coal mining 
dist. Water-bearing stratum here 120—150 m. 
below surface in Miocene brown-coal sands 
and water under sufficient pressure to rise to 
surface. Because of its high content of iron 
humates, not potable. Diagram of arrange- 
ment and depth of strata in neighborhood of 
Posen given.—W.P.R. 
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Finley Water Supply, N.S.W., Australia. 
J. M. Antity. Civ. Eng. (Br.) 38: 142. 
Town of Finley in S. Riverina of New South 
Wales has pop. of 1000. Basis of scheme for 
1200 persons. Intake works in Mulwala 
Canal pass water into 12” gravitational pipe- 
line which leads to excavated earth storage 
tank. Raw water fed by duplicate low-lift 
pumps into filtration plant; duplicate high- 
lift pumps deliver clear water into elevated 
town. Rating of low-lift pumps and filters, 
160,000 gpd. (Imp.). Reinforced concrete 
service reservoir has capac. of 250,000 gal. 
(Imp.) with floor slab 45’ and domed roof 80’ 
above ground level. All mains laid in fibro- 
lite piping. Apart from 2000’ of 12” gravita- 
tion main, over 6 mi. of reticulation consisting 
of 6’ and 4” pipe. House service connections 
galvanized-iron pipe, min. size {’’. Cost of 
works approx. £ 24,000.—H. E. Babbitt. 


The Water Supply of Brisbane, Queensland. 
Anon. Wer. & Wtr. Eng. (Br.) 46: 511 (Dec. 
'43). During '41-’42 Brackenridge reservoir 
completed, considerable lengths of main laid 
to city and connecting main started between 
reservoir and Sandgate supply. Reserve sup- 


' ply kept at Lake Manchester to replace large 


quant. drawn from lake on acct. of low rainfall 
water pumped from Brisbane R. Avg. daily 
water consumption per head advanced from 
46.23 gal. (Imp.) in '40-’41 to 48.12 gal. 
(Imp.) in '41-"42. In 1859 water obtained 
from waterholes and small creek which led to 
river. In 1863 plans prepd. to secure supply 
from Enoggera Creek for pop. of 50,000. In 
1881 Board empowered to develop source on 
Gold Creek where 400 mil.gal. (Imp.) im- 
pounded. In ’06 Allan Hazen recommended 
all further water requirements be met by 
development of Brisbane R. source. Lake 
Manchester placed in commission in ‘16 with 
original storage capac. of 5700 mil.gal. (Imp.) 
In '23 service reservoir with capac. of 134 
mil.gal. (Imp.) established on Tarragindi Hill. 
In '24 vol. impounded water in Lake Man- 
chester increased to 7000 mil.gal. (Imp.).— 
H, E. Babbitt. 


The Water Supply of Brisbane. ANON. 
Wtr. & Wtr. Eng. (Br.) 47: 361 (Aug. 44). 
Water from Somerset Dam used for first time. 
Consumption during yr. was 6866 mil.gal. 
(Imp.). With steadily increasing demands 
filtration plant and trunk mains inadequate. 
Highest consumption 25.5 mil.gal. on Dec. 1, 
$2. 14 dead ends connected. 13 mi. of 
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mains cement-lined in place. Addnl. salt 
water mains laid for A.R.P. services. Water 


filtered by slow sand plant 1964.44 mil.gal. 
(Imp.) or 30% of works output. Copper sul- 
fate used intermittently. Heavy infestation 
of filters by mougeotia not unusual. Princi- 
pal algae normally inhabiting open beds are 
spirogyra, cladophora, zygnema, hydrodic- 
tyon and pleurococcus. Spirogyra principal 
agent in deposition of carbonates. Clathro- 
cystis present throughout yr. in Lake Man- 


chester. Rapid filters produced 4637.21 mil. 
gal. (Imp.) or 70% of yr.’s output. Taste 


developed noticeably at pH of 5.5, disap- 
peared at 6.5. Causative organisms were 
actinomyces. No such tastes present in slow 
sand filter effluents fed with same water. 
Water treated with chlorine and ammonium 
sulfate prior to admission to trunk mains. 
Chlorine residual entering mains is 0.4 to 0.6 
ppm.; residuals from 0.02 to 0.05 persist 
throughout distr. system. Avg. total count 
for raw water in Brisbane R. 360 with max. of 
4800 and Esch. coli generally present. For 
Enoggera Res. avg. was 400 with max. of 1000. 
Avg. total count for supply to consumers from 
Brisbane R. works 8 and from Enoggera nil. 
Avg. hardness of Brisbane R. water 149 ppm. 
with max. of 170. For Enoggera correspond- 
ing figures 40 and 46, with min. of 32. Soda 
ash used for Brisbane R. water. In June 
heavy growths of cosmarium appeared on sand 
surface of filters. For new works 42” steel 
main to Ipswich laid. Sluice gates and 
mchy. required for Somerset Res. could not 
be obtained, preventing completion until 
after war.—H. E. Babbitt. 


Boron in Hot Springs at Tokaanu, Lake 
Taupo. J. Hearty. New Zealand J. Sci. 
Tech, 24B: 1 ('42). Tokaanu hot springs alk. 
and contain 90-265 ppm. of and 2200— 
6000 ppm. total solids. The B,O; content is 
3-78 ppm. in spring waters in acid areas near 
Tokaanu. Steam condensates contain 0.04-_ 
0.14 g. per kg. steam.—C.A. 


The Baghdad District Water Board. ANON. 
Wtr. & Wtr. Eng. (Br.) 47: 366 (Aug. '44). 
Restriction of imported water supplies cou- 
pled with large increase in consumption and 
unprecedented growth in number of con- 
sumers. Board obliged to refuse to make new | 
connections to mains after Mar. 31, °43. 
Supplies of chlorine and alum maintd. with 
difficulty. Higher freight charges and inflated ‘f 
costs of handling locally contributed to higher 
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costs. Esch. coli absent from 100 ml. in 97% 
of 1347 samples and less than 50 colonies per 
ml. in 96% of samples. No. of houses sup- 
plied with unfiltered water for gardens in- 
creased from 1025 to 1050. 685 new service 
pipes laid of which 399 copper and 296 coated 
steel. No major capital works commenced. 
Most urgent need is enlargement of Sarrafiya 
filter works. Main extensions totaled 8477 
meters, bringing total to 372.9 km. Permits 
for importation of materials for capital works 
continue to be unobtainable. Local wage and 
material prices still rising. Board has not 
raised water rates despite inflation.—H. E. 
Babbitt. 


Municipal Water Supply in South Africa— 
Its Origins in a New Country. W. L. 
SPEIGHT. Munic. Affairs 9: 104: 1 (Apr. ’44). 
In '17 disastrous floods in Umlaas R. put out 
considerable proportion of Durban water 
works for some weeks. As result, decided to 
build new dam at Shongweni on Umlaas R. 
In '35 water supply adequate for incorporated 
area of 67} sq.mi. derived from Umlaas R. 
Cost of undertaking was £ 2,316,471. Shong- 
weni dam completed in '27 at eng. cost of 
£776,000. Max. storage capac. of 2600 mil. 
gal. with depth of 87’ in river bed and water 
area of 300 acres. River impounded for dis- 
tance of 3mi. Dam 815’ at parapet level and 
has max. height of 128’. In ’35 turbine at 
hydro-elec. plant attached to water works 
developed 30 kw. and generated current for 
hydr. power, pumping and lighting purposes. 
Heavily silt-laden water of river in flood di- 
verted by weir, with impounding capac. of 
150 mil.gal. and max. depth of 28’, just before 
it can enter reservoir and is diverted to waste 
downstream. Max. height of dam _ over 
foundations is 41’ and its over-all length is 
760’, with 400’ spillway and flood-diversion 
canal of 5100’. 20-mi. Shongweni aqueduct 
consists of 33 mi. of tunnels and concrete 
conduits and 17} mi. of steel pipes from 24 to 
30” in diam., with discharge capac. of 10 mgd. 
Older aqueducts from Umlaas and Coedmore, 
which together can carry about 6 mgd. In 
’°35 Camperdown Res. had capac. of 150 mil. 
gal. and 100-mil.gal. clear-water reservoir. At 
same time, service reservoir had capac. of 22 
mil.gal., with distr. effected in zones to provide 
domestic pressure varying from 70 to 100 psi. 
Umlaas R. clarified by coagulation processes. 
After filtering water treated with chlorine. 
Liquid chlorine used at Durban since '19. 
Slow sand filter tvpes used at Umlaas and 
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Coedmore and rapid gravity at Northdene 
and Shongweni. First reservoir (Berry) built 
in 1880 in Queenstown. Water led into it 
through open furrow from Bongolo Poort and 
distributed to town through pipes. In '05 
Bongolo plan embarked upon. Consisted of 
concrete dam wall 300’ long, 50’ wide at base 
and 6’ wide at top. Wall built across poort to 
provide reservoir with capac. of about 1500 
mil.gal., which, together with other sources, 
adequate for needs of town. Pipeline con. 
nects Bongolo Res. with Berry Res. and town. 
Supply proved sufficient except in times of 
drought. As both these reservoirs placed 
above level of town, possible to arrange distr, 
by gravitation. No pumping mchy. neces- 
sary and qual. of water so high that no filtra- 
tion or clarification plant installed. Turbid- 
ity of Bongolo Res. during rainy season over- 
come by using Berry Res. as settling tank, 
Capital cost of Queenstown scheme was over 
£ 163,000. Port Elizabeth derives its main 
water supply from catchment area of about 
55 sq.mi. in Uitenhage dist. Country js 
mountainous and totally uninhabited and 
thus free from obvious sources of poln. Avg. 
rainfall 31” per yr. Bulk, Sand, Plamlet and 
Van Staaden’s rivers flow into four reservoirs 
yielding 862 mil.gal. Cost of works was over 
£ 1,500,000. Growing domestic and _ indus. 
needs have demanded consideration of 
Kromme R. 72 mi. away, where modern filtra- 
tion plant being installed. Wide catchment 
area claimed by East London municipality 
which obtains its water supply from Buffalo 
R., for its water sources come from region 
of 500 sq.mi. Essential to filter water ob- 
tained from this type of river by passing it 
through slow sand filters capable of handling 
about 1.5 mgd., which is rather in excess of 
avg. daily consumption. Possible in this 
way to build up reserve of up to 4 mil.gal., 
which is stored in service reservoirs. Caled. 
that reserve of unfiltered water is at least 356 


mil.gal. Capital investment now about 
£ 420,000.—Ed. 
Water Supply in South Africa. ANon. 


Wtr. & Wtr. Eng. (Br.) 47: 310 (July '44). 
Cape Town likely to set new records in water 
consumption. Highest record occurred on 
Jan. 11, ’43, with 23.106 mgd. (Imp.). Dee. 
43 averaged 20.185 mgd. (Imp.) as compared 
with 19.813 in corresponding period of '42. 
Foundation stone of new dam for water 
scheme for Durban laid. Two schemes en- 
visaged at Table Mt., one to supply 35 mgd. 
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main storage reservoir will be 5000 mil. gal 
(Imp.) with further 450 mil.gal. (Imp.) behind 
weir. No munic. water works in many 
(Natal) communities, each household being 
dependent on rainfall collected on roof areas. 
W. M. Campbell suggests small tech. com. be 
formed for examn. of water supply facilities 
and resources of small Natal towns and report 
on these matters, purif. methods, etc., to 
advise on means of giving effect to policy 
recommended as result of survey.—H. E. 
Babbitt. 


A National Water Policy in South Africa. 
Anon. Wtr. & Wtr. Eng. (Br.) 47: 262 (June 
'44). South African govt. has under con- 
sideration bill to provide establishment of Na- 
tional Water Supply Com. and Water Supply 
Control Board. Functions of com. will in- 
clude establishment, acquisition and working 
of schemes for supply of water; advising as- 
sisting local authorities in maintg. water sup- 
ply schemes; and reporting to chief health 
oficer of Union contamn. of domestic water 
supplies. As bill stands, no munic. council 
need fear com. will take over water supply 


undertaking it is operating. Part II of bill 


lays down that Control Board will control 
supply of water for domestic purposes by com 
and by private enterprises.—H. E. Babbitt. 


Ground Water Supply in the Union of South 
Africa. ANON. Wtr. & Wtr. Eng. (Br.) 47: 
411 (Sept. 44). Large portion of Union of 
South Africa without surface water supplies, 
while perennial streams few. After detailed 
geo-chem. study of waters occurring in dif- 
ferent geol. horizons, G. W. Bond classifies 
ground waters of Union into 5 main groups. 
Govt. proposes to establish Water Supply 
Com. on lines of Electricity Supply Com. In 
near future govt. will probably publish Bond's 
thesis ‘A Geo-chemical Survey of the Under- 
ground Supplies of the Union, With Particular 
Reference to Utilization in Power Production 
and Industry.’"—H. E. Babbitt. 


Water Engineering in South Africa. ANON. 
Wtr. & Wtr. Eng. (Br.) 47: 412 (Sept. °44). 
Govt. irrigation engrs. have embarked on 
reclamation of thousands of acres of rich land 
in Zululand, now inundated by floods. Cloud- 
burst in Nov. destroyed old 500-mil.gal. (Imp.) 
dam situated at Camperdown, about 30 mi. 
from Durban. Consequent discoloration of 
water has demanded increased chem. treat- 
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(Imp.) and other 20 mgd. (Imp.). Capac. of | ment at cost of £90 per day. Bloemfontein 


has decided to embark on £ 394,000 scheme 
to augment water supply by raising weir at 
Mazelspoort. Proposed to declare whole of 
Modder R. catchment area prohibited region. 


The Water Supply of Durban. ANON. 
Wtr. & Wtr. Eng. (Br.) 47: 166 (Apr. '44). De 
From report of city and water engr., H. A. ‘ee 
Smith, work commenced on constr. of addnl. 


Mt., estd. to cost £ 1,750,000, comprises main 
dam on Umgeni R. and provides storage of © 
5000 mil.gal. (Imp.); clarification basins, 2 _ 
acres in extent; 25-ini. aqueduct with capac. 
of 20 mgd. (Imp.); and filtration plant 
capac. of 20 mgd. (Imp.) at Durban Heights, f 
with ultimate capac. of 50 mgd. (Imp.). _ 
Durban Heights emergency scheme, brought Ls 
into operation in '40, has eased position of — od 7 
supply considerably. Contract given out for 
addnl. filter plant of 15 mgd. (Imp.) capac., y 
representing complete 20-mil.gal. main pro- 
gram from Umgeni water scheme. Work has 
also proceeded on addnl. concrete reservoir — 
giving total of 10-mil.gal. capac. at Durban © 
Heights. Shongweniand Umlaas works satis- 
factorily maintd. throughout year. Since ‘19 
annual revenue shows increase of 318%. 
Unit cost r pence per 1000 gal. (Imp.) of 
water is 15.402d.—H. E. Babbitt. ; 


The Army Helps Solve Kenya’s Water 
Shortage. F. Baytes. Wtr. & Wtr. Eng. 
(Br.) 47: 312 (July °44). For almost 2 yr. 
rains have failed in many dists. of East Africa, 
particularly in Kenya. Army has embarked 
on ambitious scheme to make most military 
camps in Nairobi area independent of munic. | 
water supply. Water surplus to army re-_ 
quirements will be pumped into mains to aug- 
ment civilian supply. Most streams in area 
seasonal. There is nothing to dam. Secret 
lies in provision of boreholes to underground 
water supplies. Drilling is in hands of East 
African Water Supply Co. (army engrs.). 
Nairobi’s water consumption about 1.5 mgd. 
(Imp.) of which army takes 0.3 mgd. (Imp.). 
Water supply company has met with 100% 
success in its water supply activities. Notable 
example was site of large anti-aircraft training 
center where previously it was considered that 
underground water supplies were nil. Depths 
of drilling vary considerably. Avg. drilling 
depth near 400’.—H. E. Babbitt. 
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History of Water Supply on the Witwa- opened 20 yr. ago, long been outgrown. 
tersrand. ANoNn. Wtr. & Wtr. Eng. (Br. Vaalbank Dam now main source of supply, 
47: 409 (Sept. '44). Birthplace of Rand wa- Authority obtained in '34 to draw 130 mgd, 
ter supply was Boer town of Johannesburg. (Imp.) from this sheet of water, 62 sq.mi. in 
Not until end of Boer War and establishment extent. Dam 135’ high and 1900’ long. 
of town council under British rule was more Talk of raising dam to flood over 100 sq.mi.— 
extensive scheme than single munic. supply 7. £. Babbitt. 
undertaken. Sources of supply in early days 


from springs. First suggestion of supply 
from river came in '01 from Major O'Meara Swimming Baths in South Africa. Non, 


who reported that sound scheme for water Wer. & Wir. Eng. (Br.) 47: 413 (Sept. 4), 
derived from Vaal R. Rand Water Board Southern Rhodesia State Lottery Trustees 
formation proposed in ’02 and ordinance to have voted £ 67,000 for bldg. of swimming 
establish it prepd. in ’03. Board affords only baths in town areas. Further sum of 
bulk supplies. Function is to obtain and dis- | £ 25,000 set aside for swimming baths in 
tribute water to municipalities, Transvaal Country areas. Some under constr.; 5 com- 
mines, South African railways, and Victoria pleted. Hoped 18 new baths will be pro- 
Falls and Transvaal Power Co. Only in vided. In future possible that addnl. sums 
Mar. ’23 that first 5-mgd. (Imp.) unit came — will be voted. Although war has resulted in 
into service. Fourth unit, in'34, reached per- serious modification, all work not suspended, 
mitted original limit of 20 mgd. (Imp.). Since start of war number of new baths com. 
Vaal Barrage, 25 mi. below Vereeniging, pas in country dists.—H. E. Babbitt. 


oe - It is evident that the federal authorities are giving consideration to an 
order which will limit or prohibit national conventions. It also now appears 
that such an order will not interfere with regional or state meetings which 
involve a minimum amount of travel. 

Whenever such an order is issued and appears to have reached the 
stage of a firm and dependable policy, all members of this Association will 
be fully advised by mail. 

Until such direct letter advice is received from the A.W.W.A. office, 


members may assume that no change has been made in plans relating to 


Association meetings. 


Jan. 5, 1945 
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